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Allemontite.—We offer 
pound. Pure, but roug! 

Offretite.—A new and beautiful 2 occurring in groups of hexagona 
tals, 25c. to $1.50. 

These specimens were selected by Prof. Foote from the private collection 
Gounard, the describer of peci 

Scheelite, some very large crystals, 25c. to $5.00. 

Dumortierite, from th il locality, 25c. to $2.50. 

From Traversella — -Pyrite, finest: lot of specimens evel 
Groups of brilliant p rystals, 25c. to $3.50; larger, $5.00 to $15.0( 

An interesting mai rare association of Bavern | Getindles with Fluorite l 
Calcite; Diadochite; Christianite; Mesotype; doubly terminated Ortho- 
‘clase; Pollux; Rosterite; Bustamite; Arseniosiderite; Quartz Pseu- 
domorphs: Fahlerz; Chrichtonite; Prehnite, etc. 
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them terminated and se] e crystal Magnificent groups for museums, $2 
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Chrysobery!.— Anoth isignment from Greenwood, Me. We are inf 
that these, together with what we ha eady received, constitute the entir« 
The finest twins and single crystals in gangue, $1.50 to $5.00. Char 
istic, but smaller or imperfect crystals, 5c. to $1.00. 

Japanese Stibnite, Hauerite, crystallized Pyrrhotite; Crocoite; P 
Apophyllite, etc., ete. 

We shall be pleased to s electior ninerals on approval to those 
them, 


A. E. FOOTE, M.D., 
MINERALS AND SCIENTIFIC BOOKS, 
4116 Elm Avenue, Philadelphia, Pa., U. S. A. 
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AMERICAN JOURNAL OF SCIENCE 


[THIRD SERIES.] 


Art. I. — The Change of Heat Conductivity* on Passing 
Isothermally from Solid to Liquid ; by C. Barus. 


1. Preliminary.—To fully investigate a problem like the 
resent, the application of pressures is obviously necessary. 
In my workt+ on the continuity of solid and liquid I showed, 
however, that hysteresis rarely if ever fails to accompany 
change of state. Since therefore undercooling is not avoided, 
even when pressure changes the state of a body from solid to 
liquid at the same temperature, it seemed permissible to facili- 
tate the experiments by selecting an undercooled liquid at the 
outset. In other words, thymol—and with this substance the 
following measurements were made—which can be kept either 
liquid or solid between 0° and 50° C., merely exhibits under 
atmospheric pressures and temperatures the same volume lag, 
that in more or less pronounced degree is common to most if 
not all crystalline bodies, at pressures and temperatures as a 
rule enormously higher. Apart from this it seems idle to 
ascribe to the molten liquid a more intimate relation to the 
solid than that possessed by the undercooled liquid, without 
distinctly specifying just what the relation is; and this at the 
present state of our knowledge of the solid and liquid mole- 
cule, is impossible. Vague notions about polymerism are little 
to the point. Without evidence to the contrary, I am at 
liberty to suppose that the liquid as well as the solid obey cer- 
tain ideal physical laws; and these I may conceive to be pro- 
* This investigation was suggested by Mr. Clarence King. 
+ This Journal, xlii, p. 125, 1891; cf. p. 140. 
Am. Jour. Scr.—TuirpD Series, VOL. XLIV, No. 259.—Ju ty, 1892. 
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longed indefinitely below the melting point in the former case, 
and indefinitely above fusion in the latter case (solid) ; and ] 
can estimate the amount of error involved in such a supposi- 
tion by actually comparing any given class of properties of 
the liquid above and below the melting point, by direct ex- 
periment.* 

I may add finally that the application of pressure would 
enormously complicate the method of measurement, which 
even in its simplest form, is not without grave difficulties. 
Indeed the task of keeping thymol liquid between 4° and 15° 
in a copper vessel, proved to be most wearisome, and out of 
very many experiments only relatively few were obtained 
under thoroughly trustworthy conditions. 

2. Method employed.—Seeing that the available substances 
are usually of low absolute conductivity (below & = 500/10’), 
and keeping in mind the desideratum of a method which could 
eventually be used for bodies under pressure, I found none 
better suited to the present problem than the one which H. F. 
Webert has so brilliantly and elaborately worked out. Weber 
places a thin, wide, plane-parallel plate or layer of the sub- 
stance to be examined between and in close contact with two 
thick plates of copper, and it is proved that these are identical 
as to temperature, with the upper and lower isothermal of the 
layer. §9. The system is first heated so as to be at a given 
temperature throughout. It is then suddenly and permanently 
cooled at the lower surface (copper plate), and the time rate at 
which heat travels from the top plate to the bottom plate, 
through the intervening layer, is measured by a thermo-couple. 
From these data the absolute thermal conductivity of the layer 
may be computed when the constants of the system are known. 
To obviate convection in the case of liquids, all plane surfaces 
are placed horizontal, and cold surfaces are lowermost. 

To cool the bottom plate Weber either bedded the system 
on a plane of ice, surrounding it by an ice environment, or 
lowered its temperature by a shower bath of hydrant water 
with a corresponding environment. It is not feasible to apply 
this method directly to thymol: clearly, in the first place all 
manner of disturbance or handling must tend to freeze the 
under-cooled liquid. In the second place freshly distilled 
thymol absorbs water or aqueous vapor at an initial rate of 
00032 g per cm* of free surface per hour, and the interval of 
undercooling is thereby decreased. At least in contact with 
copper in air, thymol soon becomes colored and unsuitable for 
the experiments. Failing therefore utterly in the attempt to 

*The continuation of the present research must for the above reasons await 


the warm weather. 
+H. F. Weber: Wied. Ann., x, pp. 103, 304, 472, 1880 
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obtain results for the liquid, §1, I modified the method so as 
to adopt it both for high temperature and low temperature 
environments, as follows. 


Apparatus. 

3. General disposition.—To obtain a circulation of water at 
any constant temperature not more than 30° or 40° above the 
temperature of the hydrant water, I used the device of boiler, 
graduated faucet and distributer, to be described in connection 
with my work on the volume expansion and the thermal 
capacity of thymol.* 


N L 


Al 


Fig.l. 


Fig. 1.—Vertical section of the apparatus for thermal conductivity, with all 
parts in place. Scale 4. 


In figure 1, DD and FF are the cylindrical copper plates 
between which the sample to be tried is sandwiched. The 


* See note in Proceed. Am. Acad., vol. xxvi, p. 313, 1892. 
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system is completely surrounded by a cylindrical box ABC, 
through the hollow walls of which the water continually cireu- 
lates. In this way an environment of any constant tempera- 
ture is obtained. 

To heat or cool the lower plate #’Z, it is made the top of a 
shallow box /’F, the bottom of which is perforated by influx 
and efflux tubes G, G’. §7. 

The whole system, ALC, is heavily jacketed with blanket- 
ing (not shown), and a sink placed below the efflux tubes car. 
ries off the water. 

4. Environment.—This consists of the three parts AAA, 
BB and CCUC, made of heavy tinned sheet iron, and capable 
of moving up and down and of being clamped in any vertical 
position along four upright slides (not shown). It is advisable 
to fix the bottom CUCC permanently, and the frame is pro- 
vided with leveling screws so that the plates DD and HE may 
be adjusted to the horizontal, accurately. 

The top AAA is virtually a bell jar. Water enters at a in 
jets directed toward the center as well as toward the right 
(tangentially) so as to keep up a circulation. It issues at 3, 
and passes thence through a sufficient but short length of 
jacketed rubber tubing to the tubulure ¢, near the bottom of 
the ring BB. Rotation is here also kept up by tangential in- 
flux, and the water issuing at d near the top of BA, passes 
through rubber tubing to ¢ on one side of the bottom CCUC, 
finally leaving this vessel at fon the other side. When not 
otherwise used, the water is carried to a level above AAA, to 
prevent siphonage. By making the environment of parts in 
this way, two advantages are secured: for apart from the greater 
thoroughness of circulation favorable to constancy of tempera- 
ture, the parts may be raised so that the plates DD and FE 
may at all times be easily charged or inspected. In the actual 
apparatus the influx and efflux tubulures are to be in a vertical 
plane at right angles to the thermometer tubulures. AA 4 
has four other tubulures: 7 (oblique) for the insertion of a 
thermometer into the circulating water, and J/ for registering 
the air temperature within; through Z the air which always 
accumulates from hot water may be discharged, and through 
JV, a wire may be inserted for raising and suspending the 
upper plate DD, §8. Similarly the tubulure & admits a ther- 
mometer into the water circulating in BB. Finally the bot- 
tom CU has two large and two small perforations, through 
which pass the tubes G, G’, and gg, as well as the wires of the 
thermo-couple, §6. The tubulure 7 reaching nearly to the 
top, discharges accumulated air. 

5. Copper conduction plate 8.—Both DD and FE are silver 
plated, making them less subject to the action of thymol. The 
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former (J) is 15:23™ in diameter, 1:°300™ thick, turned accu- 
rately cylindrical and polished on its lower surface. Besides 
the central hole 7, it has two small eyelets, ss, placed symmet- 
rically on the same diameter, by aid of which the plate may 
be suspended, §8. Finally the junction m’ of the thermo-couple 
mm’m is soldered to the top of this plate, the wires passing 
through the tube in the bottom, CC. 

The plate DD is supported on the upper polished plane 
surface of by three plate glass spacers ¢, ¢, to high, 
and -2x*2 em* square. Fis of the same diameter as DD, 
but only ‘6™ thick. The sides of the box /’F, of which ZF is 
the top, project upward to form a gutter ZZ, in which the 
excess of charge is caught and may be siphoned off. In case 
of undercooled liquids this gutter is absolutely essential, and I 
found it advantageous to coat it with vulcanized rubber 
deposited from solutien. Rough surfaces induce premature 
freezing. The box /’F' plants its three steel feet on plates of 
brass (not shown), imbedded in the top of CC, thus securing 
the necessary firmness of the conducting system. Finally the 
junction x’, of a second thermo-couple nn’n, identical in every 
respect with mm’m, is soldered to the bottom surface of FZ, 
and after passing through a sealed tubulure V in the side of 
FF, the wires pass out through UC. 

One of the tubes GG which admit and withdraw large 
bulks of water, communicates through a massive three-way 
stop cock 7K, with the faucet of the hydrant. The tubulure 
gg Which nearly touches the bottom of £, discharges into a 
small cistern with two tubulures / and p, and a thermometer, 
q, here registers the temperature of the efflux through A. 

To introduce the charge, liquid thymol is carefully poured 
in through 7, by aid of a fine funnel tube. In case of copper 
plates this rarely succeeds at ordinary temperatures. I heated 
the plates during charging above the melting point of thymol, 
and then allowed them to cool in the closed environment. 
The charge is best frozen when quite cold and from the center 
outward, by contact with a crystal, inserted through 7. Allow- 
ance must be made for the volume contraction, §14. In the 
following work with solid thymol, the glass spaces ¢, ¢, were 
left in place. I believe now that this is unfavorable to perfect 
adhesicn between the solid layer and the copper plates, even 
though the cold plates were found to be thoroughly cemented 
together. A better plan would be that of placing the spacers 
near the edge, and of removing them as soon as a sufficient 
amount of tiymol has solidified to sustain the upper plate. 

6. Thermo-couple.—The thermo-couples m and n, of german 
silver and copper, being identical both as regards metal and 
dimensions, the temperatures of the upper or the lower plate 
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could be measured independently ; or by soldering the german 
silver wires together and coupling the ends of the copper wires 
with the galvanometer, differences of temperature could be 
measured. The latter method was adopted since this differen- 
tial quantity enters the formule. Great care must be taken to 
see that the charge is electrically a non-conductor. This is the 
case for thymol, but series of experiments which I made with 
water proved worthless because of this discrepancy. To cali. 
brate the thermo-couples in question, duplicate sets of identical 
wires (metal and ps ste sions) were at hand. The galvanome-. 
ter of my own make showed about 3 scale parts per degree C., 
and it was a periodic and nearly constant in sensitiveness, 

Heating and cooling.—There are two methods available 
for heating the system of plates and # uniformly through- 
out, to be ‘nsed respectively y, when the environment is of high 
temperature or of low temperature. 

(1.) To heat the plates to the temperature of the (hot) envi- 
ronment, the stop-cock H, is closed relatively to G, and the 
efflux water from J led by jacketed rubber tubing, through the 
cork Pinto G’. ‘The water thus fills FF and issues at /. Its 
temperature is read off at g¢. and soon reach the same 
temperature within -01° C. 

When the actual measurements are to be commenced, water 
from the hydrant is first passed through /7 and K, until its 
temperature e is constant. The cock # is now loosened, and at 
a given signal // is suddenly opened into G. The great bulk 
of water now entering /‘/; forces out #, and floods the ther- 
mometer reservoir below g. Here therefore temperature is 
again registered by 9. 

”(2.) In case of the cold (2°-6°) environment, hydrant water 
is passed directly through the ro a to f, but the method of 
heating D, Fis less simple. If warm water be passed through 
R, as before, the temperature of /' would even after long wait- 
ing exceed that of D. For plates :1™ apart this persistent 
excess amounted to say ‘9° C., varying with the distance between 
the plates, their internal and external conduction, etc. The 
discrepancy may, however, be obviated by using two supplies 
of warm water, one of which is a few degrees (3°-5°) hotter 
than the other. The hotter water* is first passed through ? 
and FF. After the lapse of sufficient time the second hot 
water supply of constant but lower temperature is made to 
replace the other. Thus /’/is slightly cooled at once, whereas 
DD only cools very gradually, but must eventually fall to a 
temperature below /. Observations are therefore commenced 

* Fletcher’s “instantaneous water heater,” furnishes a satisfactory circulation, 
for the temperature of this water need not be very constant, 
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(as before) when the thermo-couple shows no difference of the 
temperature between the plates. 

8. External conductivity.—To determine the radiation con- 
stant A, I used two methods, in one of which the cold plate 
(D) was raised in an environment hot above and cold below; 
and in the second of which the hot plate ()) was raised in a 
uniformly cold environment. The latter is essentially that of 
Weber. 

The environment being at any constant temperature, I 
removed the spacers ¢, ¢, and placed the copper plates in con- 
tact. A strong current of water circulating in /’7, kept the 
plates at the same temperature differing from that of the envi- 
ronment. By aid of threads fastened to ss, and a wire, passing 
through J, the plate D was now raised and kept suspended by 
a clamp on the outside. During all this time the differential 
thermo-couple was in place and changes of temperature of the 
plate were thus registered. 

Relatively to the slow external conduction, the suspended 
plate DD is always an isothermal region. Hence if J/, be 
the mass, c, the specific heat, and w the temperature excess of 
the plate at the time ¢; if /, (top and sides) be the surface 
toward the hot environment and /' (bottom) the surface toward 
the cold environment; if finally c be the temperature excess 
of the hot environment and /, the external conductivity, then 


M — h, Fudt, or du/dt+h(F\+F )u/Me, 
=h,Ft/M,¢,, a differential equation which after integration 
leads to 


_h,O 
In = 
where /'+/,=0O, and where wu and w’ correspond respectively 
to ¢ and 

In this way I obtained the results of Table 1, where zc’ is the 
initial temperature of the cold plates, and hence t+7’ the 
actual temperature of the environment, and w+7’ the actual 
temperatures of the suspended plate at the consecutive times. 
The table further contains and 0 log(/{t/O—u)= 
434 In( and finally the values of 


TABLE 1. 
External conductivity. Complex Cold plate raised. 
10°x Mean environment. Mean. 
ot dlog(Fr/O—u) u+7’ r’ T+T’ hy x 107 h, x 107 
sec C. 
180 1811 30°5 1072 1082 
180 1766 30°5 1045 
120 1270 30°5 1130 
180 1878 29°9 
180 1792 29°9 1061 
180 1685 29°9 997 
1661 29°9 989 


oo oro? 


a 
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In the second method the water circulating in the environ 
ment came directly from the hydrant, while warm water cir- 
culated through /’/, below the contiguous plates. After th 
lapse of sufficient time the upper plate was raised as before 
and suspended. At the same time the cold water of the envi 
ronment was passed through ‘7; thus making the temperature 
of the walls surrounding the plate uniform almost instantly. 

The conditions of cooling may be taken from equation (1) 
by making the temperature excess of the environment r=0. 
The equation reduces to In w'/w=h,O(é—t’)/M,¢,. 

Data of this kind are given in Table 2, where d¢=¢—?’ and 
6d log uw = 434 In w'/u, and where t is the temperature of the 
environment and «+7, the actual temperature of the suspended 
plate. It will be seen that groups of consecutive observations 
were made after intervals of waiting, and that two independent 
series are in hand. 


TABLE 2, 
External conductivity. Uniform Hot plate raised. 
environment. Mean. 
T hy x 107 hy x 10° 


1028 35 
966 
973 
Pause 23™ 
914 
923 
Pause 35™ 
849 
1506 


1653 
1671 
Pause 
1590 
1563 
Pause 
1504 16°4 
1546 15°6 
Pause 32 
1343 11°5 5°6 
Mean : "0000082 + 0000007 w. 


In both series in Table 2, /, varies with the temperature 
excess; and since these values are better than the data of Table 
1, I have taken the mean equation for A, as appended to Tabl. 
2, for the reduction of the observations below. 


( 
919 919 
98Y 
94] 
925 
890 
9.15 

195 
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Method of computation. 


9. General case of the environment.—A short resumé of the 
changes of condition involved is here necessary, since for 
reasons specified in §2, I found it necessary to depart somewhat 
from the method of Weber. 

In his masterly discussion of the flow of heat in the plates 
Weber shows that the two copper discs are isothermal regions 
identical to about 1: 1000 with the upper and lower isothermal 
surfaces, respectively, of the enclosed non-metallic liquid, no 
matter what it be. Hence in addition to Fourier’s well known 
equation of heat conduction, the following surface equations 
obtain for the upper plate: Given a set of cylindrical coérdi- 
nates whose origin is in the upper surface of the lower plate, 
and whose axis coincides with the axis of the plates; let dis- 
tance above the surface of reference, radius and azimuth of 
any point, whose temperature excess is w at the time ¢, be rep- 
resented by a, 7 and g, respectively. Let »= / be the radius, 
4, the thickness, /’, the exposed surface (top and sides), /’ the 
lower surface of the upper plate, J/, its mass, ¢, its specific 
heat, and A, its external conductivity. Let J be the thickness 
of the layer of the charge, & its absolute heat conductivity, A 
its external conductivity, ¢ its specific heat. Finally let U/ be 
the uniform temperature excess of the system at the time zero. 
Then the conditions in question are 


1. «x =0, «= 0 for all values of ¢. 
2. 2 = J, u independent of x for all values of ¢. 


du du 
3. x= k F(z),+ h, Fu, 
4. r= k(du/dr), +hu, =0 


5. ¢=0, u=U, for all the values of a and +. 
Weber expands w in a series of mixed Bessel functions of the 
type 
—k( + m*)t/pc 


—kaqt/pe 
/p 


sin ge+ Be sin pad (mr) 

and proves that by suitable spacing the copper discs, the value 
of w is almost wholly contained in the first term even after 
a few seconds. To determine the constant q, the insertion of 
the condition (3) is available: i. e., any of the infinite roots of 
the transcendental resulting, leads to a singular solution of the 
equation of heat conduction, and thus the complete primitive 
is given as the sum of all of these. But inasmuch as the 
squares of the succession of values g, g’,... . increase rapidly, 
the singular solution and the complete primitive again soon 
coincide in the lapse of time. Thus the temperature excess of 
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the upper plate (and it is here that the thermo-electric measure- 
ment is made) is after a short time (60°), 


—kg*t pe 


where q is the smallest root of the transcendental referred to. 

10. Continuation.—Now the change to be made in these 
deductions in my own case, where the environment may have 
any temperature excess t, given by replacing the condition (3) 
by the equation— 


\ dt /A A 
where p, and p are respectively the densities of the copper plate 
and the charge. Imposing this condition on (6) I obtain 


sin = kq cos g4 + h- 


sin g4— h 


or after further reduction 


Ape 


4 Ape ( 


g4 tan g4 = 


Hence the value of ¢ in (6) is to be the smallest root of (7). 

If therefore consecutive temperatures, wv, w’,.... are 
measured at consecutive times ¢, ¢’, . . . . equation (6) may be 
solved with reference to & as follows: 
pe 1 c 6 log u 


2°303 7 —.... (8) 


k=—, - 
q t—t q 


Equations (7) and (8) show that the arithmetical results can 
only be obtained by successive approximation. Disregarding 
the corrective factor in (7) approximate values of & and g are 
first found. These are then put in (7) and (8) and closer values 
of k and g computed. I often repeated this operation again, 
taking full cognizance of the change of g with the mean tem- 
perature of the charge. 

11. Special cases.—(1) If in (7) the temperature excess of 
the environment, z = 0, the conditions revert to those of Weber. 

(2). If as in my case, the initial temperature pa the same for 
the Pavel and the environment, or if initially = ~, the correc- 
tion vanishes at the beginning of the work but increases in the 
lapse of time. 

If «= 7, throughout, the radiation correction would always 
vanish. Now it struck me that it might be very well worth 
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while to construct an apparatus for =; for although ordi- 
narily the correction for surface conduction is nearly enough 
given by the computed value, there are cases of exceptionally 
bad conduction (for instance in gases) where this is no longer 
fully the case. Suppose, however, the system be duplicated 
as in figure 2. Let the 
lower pair of plates, D, £, — 
be like those of the above {71} Fig 2. 
figure. Let the upper 
pair of plates D’, £’, be 
somewhat larger, and the 
pers 

conductor D’, somewhat — WY 
thinner and shallowly bell- S K&SSSSSSS SKK 

shaped, so as to surround 


the plate D on all exposed B 


sides. Then if JF pc/ 

Mc, = the 

constants g and q’ for the G 

two systems will be iden- Fig. 2.—Duplicate apparatus for heat 
tical to a second degree of comtaction. 
approximation. Hence U=U,» and therefore as regards the 


plate D, t = uw at all times. 

In using this device for measuring conduction in gases, the 
environment A B C, figure 1, would have to be sealed hermeti- 
cally, and the gas to be studied, introduced into the whole 
interior space, at any temperature (environment) or pressure 
desirable. In such a case, since J= J’, p=p’,c=c', c=, 
the simple conditions are 

M/M; 

(4) If the environment be at a temperature intermediate 
between the initial and the final values w of a given pair of 
observations, then 1—7/w passes from positive to negative 
values, and the corrective may also vanish; but this case is 
superfluous here. 

Returning for a moment to case (2), it is clear that the radia- 
tion corrective is least when the temperature gradient of the 
layer is steepest. So long therefore as the thermal variation 
of conductivity is not fully known, it is advisable to prefer 
small values both of UY and J. 


Experimental Results. 


12. Method of observation.—lIf after the lapse of 60 minutes 
the plates were heated uniformly, the cold water faucet was 
suddenly opened; but observations of temperature (w) and 
time (¢) were not commenced until a minute later. A good 
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chronometer beating half seconds was at hand for time measure- 
ment, and temperatures (since relative values enter the formule) 
were directly given by the deflections of the dead beat galva- 
nometer, reduced to ares. For charges 1 thick (J), observa- 
tions were taken every 20°, for charges ‘15™ thick every 30* 
and for charges ‘19™ thic k every 60%, Usually 24 readings 
were made for each heating, which were then combined in 
four batches of 6 observations each. By joining the 1st and 
4th, 2d and 5th, etc., I therefore obtained 12 data for k, with 
the mean temperature corresponding to each. 

Readings of the zero of the Map stegene and of the tem- 
perature of the environment were taken before and after the 
time measurements ; temperatures of the hot bath at the begin- 
a temperatures of the cold bath at the end of the work. 

13. Exhibit.—To avoid prolixity I will only give an example 
of the way in which the work was done. In addition to the 
corresponding increments of time (d¢) and logarithmic tempera- 
ture (0 log w), table 3 contains the (actual) temperatures, u, to 
u,, of the upper plate at the beginning and end of each batch 
of six consecutive readings. Thus each value of & is a mean 
of three pairs of sufficient data. Furthermore t is (henceforth*) 
the actual temperature of the environment, J the initial tem- 
perature of the upper and lower plate, the temperature of 
the cold bath; and @ finally is the mean temperature of the 


charge, the bottom being constantly cold (@°) and the top hot 
(u°). The table also contains the mean value of the corrective 


of equation (7) $10. 

The two cases in which the environment has the final (cold) 
or the initial (hot) temperature of the plates are distinguished 
as method I and II, respectively. In case of solid thymol both 
were tested and led to identical results. $17. 

To obviate discrepancies due to imperfect adhesion, expan- 
sion, etc., of solid thymol, three different values of J are intro- 
duced as a check on the method. 

14. Constants. —Supplementing $$ 8-10, I need only add that 
an allowance (7) of 5 per cent of /’ was made for the contrac- 
tion of thymol on solidifying. 


F = 182°3 em’? 
F-—f= = g. cal. 


* To avoid cumbersome notation. 
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15. Specific heat and density.—In a series of experiments 
described elsewhere* and considerably extended since, I found 
for solid thymol (if ¢ and p denote specific heat, density, and 
temperature, respectively.) 

= ‘311 (1+ 003026), 

1/p = *9631/(1— (0002456 + 26)6) 
and for liquid thymol 

=°447 (1+ 002386) 

1/p = 1°00113/(1—(0007600 + 26))6 


Hence with sufficient accuracy for the present data the tem- 
perature factor of cp for the solid was put (L+°00280), and for 
the liquid (1+°00160). In computing the correction factor in 
equation (7), $10, 4, was therefore referred to surface tempera- 
tures of the upper plate, while the other quantities p, c, q, 
obtain for the mean temperature 6 of the charge. 


TABLE 3. Heat condition of solid thymol. A =:1070°; J, Low temperature 
environment.+ 

U, tO Us ot 104xdlog u Mean® T mx10®kx 108 

"6. °C. g/es 

24°8-19°7 5,™08-6™05 805 14°1 961 356 


822 
822 
18°8-15°4 825 
821 
820 
14°8-12°4 817 
811 
9,40-10,40 815 
12°0-10°1 11,0-—12,0 810 
11,20-12,20 812 
11,40-12,40 827 
A='1070; II, High temperature environment.t 
23°7-19'1 3™,08-4™, 780 13% 27°8)5°9 285 1019: 
3,20-—4,20 27°8 
3,40-—4,40 
18°3-15°1 5, 0-6, 0 
5,20-6,20 
5,40-6,40 
14°6-12°4 7, 0-8, 0 
7,20—8,20 
7,40-8,40 
12°1-10°6 9, 0-10, 0 
9,20—10,20 
9,40-10,40 
* Proceed. Am. Acad., xxvi, p. 313,1892. + Plate Z suddenly cooled at 4™ 0°. 
Plate suddenly cooled at 2™ 0°. 


or 


= 


11°8 — 59 5 1043 


wow 


1075 


1120 


=] 


28°7 
6 
4 
0 
0 
1 
0 
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17. Digest.—My data for k have been summarized in Table 
4. In constructing mean values for /, for each heating, data 
below 10°= @ are usually discarded, because in these cases the 
correction factor m can no longer be found without difficulty 
in view of the rapid variation of g. The table also contains 
the mean values for thermometric conductivity (« =k/pc) 
obtained ($15) by putting for the liquid at 13°, pc =°453, and: 
for the solid at 12° and at 11°, pc ='334 and ‘333 respectively, 
with the corresponding mean & for each spacing, J. 


TABLE 4.—Conductivity of solid and of liquid thymol. Summary. 


Solid Thymol, = "192m Mean kx 108 
Mean kx 108 kx108 kx 10! kx 10° Method 
kx10® k&x10 xkx108 Method °C q/es 
g/es g/es 98 354 
356 356 58 ‘6 355 
357 


Solid Thymol., 
375 371 


Solid Thymol, A = °107 
366 365 354 
366 1063 
365 

364 

356 355 

356 


“0 
10°5 
84 345 11°2 53 9 
74 318 346. | 
361) 361 I 329 
115 364f 13+ 60 
97 356 11:8 360 
85 «351 9-7 6] 
135 373 371 
15°9 364 373 I] Liquid Thymo!, 4 
12°8 381 05 307 313 
10°38 375 14 691 
95 367 12°0) 
16°2 330? 355 IT 15°0 309 13 ee II 
93 344 1-9 11 314 II 
161 348 ) 353 I 18 a 
128 10°5 313 
108 354) L5 319 32 II 
93 344 12°7 9 
16°4 02 LO 
13°6 i3 
11°5 11°7 
9°8 39 04 08 8! 
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18. Conclusion.—The results of this long and tedious inves- 
tigation may be stated in a few words. The mean values of 
the absolute heat conductivity, %, of thymol, obtained from 
the measurements as a whole are in g/cs. 


Solid thymol, 12° 10°xk = 359 
Liquid thymol, 13°, 10°x#’= 313 


The mean values of thermometric heat conductivity x, are in c’/s, 


Solid thymol, 12°, x 
Liquid thymol, 13°, 10° x 


Hence the increment of heat conductivity, encountered on 
passing from liquid to solid, at say 13°, referred to solid con- 
ductivity, 

(A—k’)/k = (x—')/x = °36 ; 


and the corresponding increment referred to liquid condue- 
tivity is 
(4 — k’)/k'='15, — x')/x’ =°56 


Now since in all questions relative to thermal flux, it is the 
thermometric conductivity which enters fundamentally into 
the considerations, the importance of the effect produced when 
any part of the substance changes state is obvious. 


Art. I1.—On Polybasite and Tennantite from the Mollie 
Gibson Mine in Aspen, Volorado; by 8. L. PENFIELD and 
STANLEY H. PEARCE. 


DuRING the past year the Mollie Gibson Mine has been 
one of the most productive in Colorado. Our attention was 
first called to the specimens from there by Dr. Richard Pearce 
of Denver, who sent a few to New Haven for identification. 
Later Mr. C. E. Palmer, general Manager of the Mollie Gibson 
Consolidated Mining and Milling Company, generally supplied 
us with specimens and information concerning their occurrence. 
We take pleasure in expressing to both of these gentlemen our 
thanks for their courtesy. From Mr. Palmer’s annual report 
to the stockholders for the year 1891, of his company we quote 
some figures, which are of interest as showing the wonderful 
richness of the mine. Most of the production dates from the 
month'of March, when the rich ore was first encountered, and 


= 1077 
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for the most part was taken from an area of about one half 
acre of territory, with a maximum depth of but 300 feet. Net 
weight of ore 9,080,570 Ibs., carrying 2,053,149 ounces of 
silver, an average of 452:2 ounces per ton. 

The rich ore occurs between a hanging wall of black ear- 
bonaceous shale and a foot wall of gray magnesian limestone, 
which is probably of lower carboniferous age. The ore is 
richest and most abundant immediately under the black shales. 
The minerals which have been observed at the mine are poly- 
basite, tennantite, native silver (sometimes in very beautiful 
specimens), argentite, galena, sphalerite, siderite, barite and 
calcite. 


Polybasite or “ brittle silver” of the miners. 


This is the most abundant silver mineral at the mine and 
occurs massive, with grayish black color and irregular fracture. 
Large quantities of it, nearly free from gangue, have been 
mined, assaying from 10,000 to 16,000 ounces of silver to the 
ton. A very abundant and conspicuous ore is a pink barite 
(‘‘ pink spar”) with the polybasite disseminated quite uni- 
formly through it and assaying from 1800 to 2700 ounces of 
silver to the ton. The mineral also occurs as streaks and par- 
ticles in the shales and limestones on the borders of the deposit, 
and even some seams of impure coal, above the shales, are quite 
rich in silver. 

The massive polybasite is not a pure mineral as it appears at 
first sight to be. The analyses show a wide variation in the 
percentage of lead and do not yield a satisfactory formula until 
this metal is deducted in the form of galena, although the lat- 
ter is no where visible in the material which was analyzed. 
The remaining impurity consists of a carbonate of iron and 
manganese, which is very evenly distributed, is black from ear- 
bonaceous material and not conspicuous in the metallic sulphide. 
The analysis is given beyond. 

Some of the specimens consist of a fine grained, crystalline 
carbonate of iron, manganese and zinc, having a brown color 
and probably a variety of siderite. This seems to have been 
deposited over tabular crystals of polybasite, but.it can not be 
broken away so as to show the crystalline form of the latter as 
it adheres quite tenaciously. Some of the polybasite crystals 
are surrounded first by a layer of siderite, then by a narrow 
zone of metallic mineral and then again by siderite. As this 
seemed to be the nearest approach to the pure crystallized silver 
mineral, which we were likely to obtain; great pains was taken 
to pick out a sufficient quantity for the following analysis. 
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Jrom Mollie Gibson Mine, Aspen, Colorado. 


Massive mineral. 
Analysis by S. H. Pearce. 
Specific ape 4 of three pieces Crystals from siderite. 
6°06, 5°92 ee Analysis by S. L. Penfield. 
Average. Specific gr: avity 


15°77 15°88 15°83 S 17°42 
448 446 4:47 6:10 
0°13 0°13 s 0°26 
42°49 i 49°51 
9: 18 12°92 
, 2°45 
= galena, PbS 24°05 Pb 10°58 
FeCO, 0°46) 
MnCO, 0°13 


bo 


to 


MnCO; 
CaCO; 
Insol. 


S 


He 


99°31 Impurity 28°18 99°83 Impurity 12°81 


The above analyses do not agree, nor in their present form 
can they be referred to any known species, but after deducting 
28°18 per cent of impurities from the first and 12°81 from the 
second, and recalculating to one hundred the results are as 
follows: 

Massive mineral. Crystals from siderite Theoretical composition where 
Sp. gr. corrected = 5°94 Age: Cus: Zn=263: 117: 43 

‘7: 18°13 

As 7°01+150 

Sb “18 0°30+-244 

Ag 

Cu 14°85 126'8 

Zn 2°81+ 65 


100°00 100°00 100°00 


The analyses are now similar and in the second, which was 
made on the purest material, the ratio of (Ag,+Cu,+Zn): 
(As, +Sb,)=423 : 0479 or 9°00:1-02, almost exactly that re- 
quired by the formula 9Ag,S, As,S, As is always the case 
with this mineral, a rather large proportion of the Ag, has been 
replaced by Cu, and some by Zn. The analyses are also 
interesting as showing that this mineral is a nearly pure arsen- 
ical polybasite. H. Rose* gives one analysis of a variety 
from Chemnitz in Saxony, which agrees with ours in contain- 
ing only a trace of antimony; with this exception, in all of the 
analyses which have been published, antimony predominates. 
Although polybasite has been known to occur in the United 
States, the only published analysis is one by F. A. Gentht of 
a crystal from the Terrible Lode, in Clear Creek Co., Colorado. 

* Pogg. Annalen, xxviii, 1833, p. 156. 
+ Proc. Amer Phil. Society, xxiii, 1886, p. 39. 
Am. Jour. Sc1.—TuHirpD SERIES, Von. XLIV, No. 259.—Juy, 1892. 
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As 
Sb 
Ag 
Cu 
Zn 
Pb PbS 12-22 
0°59 
0°32 J 
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Tennantite or arsenical tetrah drite. “ Gray copper tn part 


the miners 


Among the specimens of massive polybasite, just deserib 
there were a few which contained patches of a steel gray mi 
eral, differing only slightly in color from the blacker polybasite. 
No crystals were observed and it was necessary to pick ve 
carefully, in order to secure sufficient pure material for t] 
following analysis, [The mineral gave a reddish streak, onl) 
little darker in color than that of hematite. The analysis” 


Pentield is as follows : 


99°90 LOO'O0 


The ratio of the als to (As,+Sb,)=-463:°115 or 4-00: 
0°99, almost exactly that required by the formula 4CuS. 
AsS, A part of the Cu, is replaced by Ag, and Zn. 
not certain wheth« r the smal] quantities of Fe and 
impurities or whether they belong to the mineral. 
analysis is interesting as it shows an unusually high percentage 
of silver. 

Although tennantite has been known to oceur in the United 
States, we can find no analyses, and very little mention of | 
in seientitie literature. 

According to information received from Dr. Pearee. and 
from our own experience, polybasite and tennantite are not 
rare silver ores in Colorado. Polybasite occurs well erystal- 
lized in the mines about (seorgetown. at the Yankee Boy min 
near Ouray, in the Marshall Basin near Telluride.and probabl 
at a number of mines in the Red Mountain District. Tennan- 
tite has been observed well erystallized at the mines about 
Central City and at the Freeland Lode and Crocett Mine heal 
Idaho Springs. 


Mineralogical Laborator 
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Ss 95°04 
Cu 35°7 
Ag 13° ( Of 
13°86 
Zn 6°9 
Fe 0°49 
Pb 
N 
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. UL—Post- Laramie Deposits of Color ado by W HIT- 
MAN CROSS. 


{Published by the permission of the Director of the U. S. Geological Survey 


Introductory. 


AMONG questions in American geology which have given 
rise to prolonged discussion and controversy, few if any have 
been more prominent than that as to the age of the great 
Laramie Formation or Group of the Rocky Mountain region. 
This observation, made by Mr. Clarence King in the final 
report of the Fortieth Parallel survey, in 1878, is still more 
true to-day than it was at that time. When it is considered, 
however, that a very large part of the earlier publications were 
based upon mere geological reconnaissance, and that the area 
involved extends across the United States in its most inacces- 
sible and least known portion, from Mexico to British 
America, it must be plain that controversies and misunder- 
standings were unavoidable, and indeed quite natural. 

A few years ago it seemed to many geologists that the Lar- 
amie question was practically settled, or in a fair way to 
settlement. But, as certain areas of the West have been more 
carefully explored, the question has been in a measure re- 
opened, but with a change in its phase, so that it is not now so 
much “To what age does the Laramie belong?” as it is 
“ What belongs to the Laramie?” For the newer researches, 
whatever their direction, all tend to show that the Laramie 
has been a great omnibus division into which has been east 
everything ascertained to lie between the marine Cretaceous 
and the lowest recognized Eocene deposits, together with a 
number of other formations whose positions were not deter- 
mined. It is the aim of this paper to show that there exists at 
least one important group of formations which have been 
considered as belonging to the Laramie, but which are very 
markedly distinct from the formation to which that name 
properly belongs. 

As far as the writer is aware the first definite proof that a 
given section assigned to the typical Laramie contained mem- 
bers separated by important unconformities and of widely 
different lithological character, was afforded by the work done 
in the vicinity of Denver, by the Colorado Division of the U. 
S. Geological Survey, in charge of Mr. 8S. F. Emmons. A 
preliminary account of these researches was presented to the 
Colorado Scientific Society, July 2, 1888, in articles by G. H. 
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Eldridge and the writer.* In this Journal for April, 188%, 
the second of these articles “The Denver Tertiary Forma. 
tion,” was published in revised form. During the last three 
years further discoveries bearing upon this question have been 
made in various fields by several observers, and it is desired to 
present here a connected statement of these new facts, together 
with a discussion of their significance. 


Description of the Deposits. 


Denver and Arapaho Formations.—In the detailed exam- 
ination of the Denver region above mentioned, it was found 
that the continuous so-called “ Laramie ” section exposed near 
Golden consisted of three divisions: 1°, a lower member, 700 
-—800 feet thick, conformable with the Fox Hills, containing 
productive coal measures and a flora and fauna characteristic 
of the Laramie as commonly known; 2°, a middle member, 
800 feet thick, unconformable with the lower member, char- 
acterized by a conglomerate which carries pebbles recognized 
as coming from the Laramie, Fox Hills, Niobrara, Benton, and 
Dakota, ‘Cretaceous, the Jura, the Trias, and the Carboniter- 
ous; 38°,an upper member, 1400 feet thick, unconformable 
with the middle member, and characterized lithologically as 
composed very largely of debris of andesitic lavas, none of 
which appeared in the preceding deposits. To the middle 
member of this series Mr. Eldridge gave the name “ The 
Arapahoe Beds ;” to the upper member was assigned the name 
“The Denver Beds.” It was found that the celebrated 
fossil-leaf horizon of Table Mountain, at Golden, belonged to 
the Denver beds and consequently that the “ Laramie” flora 
of Golden, described by Lesquereux and Ward, belonged to 
two distinguishable horizons, and chiefly to the upper one. 
The Arapahoe and Denver beds were found to contain a ver- 
tebrate fauna not known in the coal measures below. and to 
this point reference will be made in a later section of this 
article. 

The stratigraphical and lithological evidence above summa- 
rized indicated clearly that the Arapahoe and Denver beds 
were separated from the Laramie below by a long period ot 
very important orographic disturbances, as attested by the 
pebbles i in the Ar apahoe conglomerate. As the fossil flora and 
fauna of the formations did not seem to be necessarily opposed, 
the two formations in question were referred in the publica- 
tions cited to the early Eocene, and probably to a horizon 

* On some stratigraphical and structural features of the country about Denv 
Colorado; by George H. Eldridgé The Denver Tertiary Formation; by Whit- 
man Cross. Proc. Col. Sci. Soc., vol. iii, part I, pp. 86-133 
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below any other recognized member of that division. Having 
thus briefly restated the stratigraphical evidence of the forma- 
tions near Denver the developments of the last three years in 
other districts will be reviewed. 

Huerfano Series.—In the Huerfano basin in southern Col- 
orado Mr. R. C. Hills has discovered and described * a series 
of strata 7,100 feet in thickness which he refers to the Eocene, 
because their lower member is decidedly unconformable with 
the underlying well-known coal-bearing Laramie of southern 
Colorado, and because the upper division contains mammalian 
remains of the Bridger Eocene. For the whole series Mr. 
Hills submits the following scheme of division : 

Huerfano beds, 3,300 feet=Bridger Group. 
Huerfano Series { Cuchara beds, 300 feet 
(Eocene) Poison Cafion beds, 3,500 feet ( 

Great angular unconformity exists between the Laramie and 
the Poison Cafion beds, but none has been detected between 
the designated members of the new series. The Poison Cajion 
and Cuchara beds are at present separated from each other and 
from the Huerfano beds on lithological grounds only, the 
former consisting of “ soft sandstones and fine conglomerates 
of a yellowish tint, with occasional bands of yellow clay or 
marl,” while the latter is a well defined horizon of “ pink and 
white massive sandstones.” The Huerfano beds consist of 
“marls, clays, soft shales and sands, of red, gray, yellow, green 
and purple colors, red predominating.” In these have been 
found remains of TZillotherium, Hyrachyus, Glyptosaurus, 
Paleosyops, and other forms which seem to correlate the 
strata containing them with the Bridger Eocene. This dis- 
covery of Eocene deposits, containing a well-marked mam- 
malian fauna, on the eastern slope of the Rocky Mountains is 
certainly significant. And it is highly probable, as pointed 
out by Mr. Hills, that the Cuchara and Poison Cafion beds are 
contemporary with some of the other post-Laramie formations 
to be mentioned. 

Gunnison County.—A fund of new observations bearing 
upon the present question is to be found in the address of Mr. 
K. C. Hills as retiring President of the Colorado Scientific 
Society, delivered December 15, 1890, but only very recently 
published.t In that portion of this address treating of the 

* The recently discovered Tertiary beds of the Huerfano river basin, Colorado 
(with map): Proc. Col. Scientific Society, vol. iii, part I, pp. 148-164, 1888. 

Additional notes on the Huerfano beds; ibid, vol. iii, part II. pp. 217-223, 1889. 

Remarks on the classification of the Huerfano Eocene. Read before the Col. 
Sci. Soe, Feb. 2, 1891. Not yet published in full. 

+ Orographic and structural features of Rocky Mountain geology, Proc. Col. 
Sci. Soc., vol. iii, part III, pp. 359-458. 1891. 
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period between the marine Cretaceous and the W asati 
Eocene, Mr. Hills gives much impo rtant original informati 
concerning the Laramie and various post-Laramie formation 

The tirst one oj the e later de posits to be mentioned oeceu 
in western Colorado on the western slope of the Elk Mou 
tains. Its southern limit, as now known. is about Irwin. a fi 
miles to the westward « reste tte in Gunnison C ount 
It rests upon the normal Laramie carrying anthracite coal be: 
on the northern slopes of the Anthracite range, occupies 
eonsiderable area at t] lof Anthracite creek, and tl 
extends northward for 80 miles to Grand river. The devel 
ment on Anthracite creek comes within a district which has 
been —— in detail by the Colorac ivision of the U. 
Geological Survey. n the course of this work the provisional 
name of the * Rw yy beds’ is assigned to these strata 
account of their promin development in Ruby Peak, nea 
Irwin, where their thickness exceeds 2,000 feet, and this nan 
is used by Mr. Hills in his address in referring to them. 

In the Irwin region the Laramie strata have a thickness of 
about 1500 feet. They are succeeded by 2000 feet of 

posed almost entirely of t] 
debris of voleanie rock ol nde itic character, here muel 
hardened and metamorphosed later eruptive rocks which 
pierce them in numerou ik The basal member of thi 
series is a conglomera of small pebbles, which is usually 
uncomformable on ale with ne Laramie, and 
exhibits a great variability in constitution. In some places it 
consists entirely of andesitic pebbles, in others, of a mixture of 
such material with white, blaek o1 reddi chert pebbles, sole 
of which show eaviti re pr Sé iting erinoid stems, Again, 
the lower part of the conglomerate may be free from andesitic 
pebbles. 

To the northward of tl rwin re gion Mr. Hills has traced 
out the Ruby beds, wit creasing thickness reaching a 
minimum of 300 feet near the northern limit on Grand river 
Concerning their development at this point Mr. Hills 
“ South of the Great Hogback at Coal ridge, there is ana 
change in the composition of the sediments Pw 
garded as Laramie. The firm gray sandstones .of the co 
measures are there succeeded bv about 200 feet of soft white 
sandstones and yellow clays, followed by about 300 feet ot 
tufaceous strata, more or less conglomeritic and usually loose 
aggregated, but resting on a hard, coarse basal conglomerate 
about 40 feet thick made up wholly of erupt ive debris. The 
tufaceous beds are in turn succeeded by 600 feet or more 
shales and soft brownish sandstones which may be in part 
Wasatch age.” * 
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On Ohio ereek, but a few miles beyond the southern limit 
of the Ruby beds, there are two small isolated patches of loose 
triable sandstones, grits, and fine conglomerates, resting on the 
-oal-measures of the Laramie, and seemingly in small basins of 
erosion. Owing to the disturbances caused by adjacent lacco- 
lites it is impossible to see the relationship of the formations 
clearly. The chert pebbles of these beds contain crinoid stems 
and other apparently Carboniferous fossils, and are identical 
in character with those already mentioned as frequently found 
in the basal conglomerate of the Ruby beds near Irwin. These 
facts suggest that the chert pebbles of the Ruby conglomerate 
may be the residuum from the destruction of Ohio creek beds 
formerly existing to the north of the Anthracite range. Mr. 
Hills does not mention such pebbles in the section near Coal 
ridge above described, but he does suggest a possible correla- 
tion between the Ohio creek beds and the soft yellowish sand- 
stones found at the north between the “ firm gray sandstones 
of the coal-measures” and the Ruby conglomerate. THe also 
thinks that the Carboniferous chert pebbles of the Ohio creek 
beds indicate a post-Laramie erosion of the entire Cretaceous 
section, exposing Carboniferous strata. Whether this hypoth- 
esis be established or not it is true that such materials are not 
seen in the Cretaceous beds above the Dakota conglomerate, 
and it is not known to the writer that they have been found 
at that horizon in this region, though not uncommon along 
the Front range and in Middle Park. 

Mr. Hills has found that on Grand river the Ruby beds lie 
between the Wasatch and the Laramie. The lithological and 
stratigraphieal evidence given there distinctly suggests that 
the Ruby beds may be the equivalent of the Denver forma- 
tion, and less decidedly that the Ohio creek beds may possibly 
represent the Arapahoe formation. No fossils excepting car- 
bonized plant stems have been found in the two new forma- 
tions. The writer does not place much weight on the mere 
coincidence in eruptive character of the materials in the Ruby 
and Denver beds, beyond the marked fact which seems to be 
developing from experience that a number of formations of 
apparently the same stratigraphical position are thus charac- 
terized. It may finally come to be a criterion of considerable 
value. 

Yampa fiver.—In northwestern Colorado on the Yampa 
river Mr. Hills finds reason to believe that there is a distinct 
formation between the Laramie proper and the Wasatch, but 
is at present able to give no positive evidence for this view 
except that the normal series of the Laramie has above it a 
formation “of soft sandy strata with some shales and clays” 
containing impure lignitie beds, and of general different 
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physical appearance from the beds of the Laramie. Abov: 
these are unquestioned Wasatch beds.* 

South Park.—Near Como in South Park, Colorado, Mr. 
Hills has found a very remarkable formation which will be 
best described in his own language: ‘ While recently en 
gaged in the examination of the small Laramie area in the 
South Park basin, I there observed unquestionable evidence 
of a former grand eruption, of a character not previously noted 
in that part of Colorado. The evidence consists in the oceur- 
rence of thick sheets of eruptive conglomerate, intruded 
partly into the marine Cretaceous and partly into the Laramie, 
to some extent above the workable coal. These sheets are 
continuous from Mine No. 5 near Como to the southern limit 
of the Laramie beds, a distance of fully fifteen miles, beyond 
which I did not trace the exposures. About three miles south 
of Mine No. 5, the intrusions above and below the coal beds 
coalesce and form a body of conglomerate several hundred 
feet thick completely cutting out the workable measures for 
nearly a mile. The material consists of rounded pebbles and 
bowlders of andesite embedded in a matrix of finer material 
of similar composition.” . . . ‘The material itself may be re- 
garded as the product of intense dynamic movement, probably 
brought to the surface as a hot conglomeritic mud, or in a 
condition to produce an explosive eruption, whenever, owing 
to diminished pressure, the contained water flashed into 
steam.” . . . “ The material then thrown out and scattered over 
the surface would be in a condition to be transported in large 
quantities to the nearest area of sedimentation—the Denver 
basin—and presumably at the very time when the Denver beds 
were laid down.” + 

It seems to the writer that the character ascribed to the 
South Park eruption is so novel and its extent so far a matter 
of speculation that it can at present hardly enter as an 
important factor into the question as to the origin of the 
eruptive materials of the Denver beds. The facts concerning 
the constitution of the Denver beds given in the original 
article do not allow of the adoption of Mr. Hills’ suggestion. 
They demand a source near at hand and one whose location 
shall explain why eruptive material practically excludes 
Archeean material in fine, slowly deposited sediments, close to 
an Archzean shore-line. 

Caron City.—In his address Mr. Hills refers to remnants 
of a formation near Cafion City which seems related to the 
Denver formation. Through his kindness in personally com- 
municating the news of his discovery, my colleague, Mr. G. H. 
Eldridge, was enabled in the season of 1890 to hurriedly 


* Op. cit., p. 389 t Op. cit., pp. 393, 394 
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examine the region, in connection with other field work, and 
kindly allows me to state the results. At Windy Gap, a few 
miles east of south from Cafion City, Mr. Eldridge found the 
normal section of the Laramie sandstones very steeply up- 
turned, resting ou Montana shales, while above them came a 
heavy conglomerate composed mainly of Archean debris, but 
containing in addition pebbles recognized as belonging to 
various older sedimentary horizons, such as the Niobrara and 
Dakota Cretaceous, and the Jura. These conglomerates are 
also upturned, but, probably because they come directly in the 
fold, they are less steeply inclined than the Laramie. Angu- 
lar unconformity with the Laramie was not determined. 
Separated from the conglomerate by a gap of 500 feet, in 
which there are no outerops, are horizontal beds of conglom- 
erate consisting of andesitic pebbles. As the fold is plainly 
abrupt, this position is not evidence of angular unconformity. 

Mr. Eldridge did not have time to trace out either of these 
formations, which, though apparently remnants at the place 
observed, are probably represented elsewhere in the immediate 
vicinity. The fact was established, however, that two forma- 
tions corresponding in stratigraphical position and lithological 
character to the Arapahoe and Denver beds exist near Canon 
City. 

Animas River.—Through the courtesy of Dr. C. A. White 
and his assistant, Mr. T. W. Stanton, I am enabled to state 
that the latter has recently found the formation crossing the 
Animas River about five miles south of Durango, Colorado, 
which is represented as Laramie upon the Hayden map, to 
consist of conglomerates, sandstones and shales, whose material 
is of andesitic rocks, as far as shown by the specimens col- 
lected. By referring to the Hayden atlas of Colorado, sheet 
15, it will be seen that the coal-measures of this region were 
there referred to the Fox Hills, though their identity with the 
normal Laramie measures elsewhere in Colorado is at present 
probably unquestioned by any one. 

On the western bank of the Animas River Mr. Stanton 
found a bed of conglomerate about 200 feet thick resting upon 
the coal-measures with apparent conformity. The specimens 
of this conglomerate collected by him are purplish or yellow- 
ish brown in color, the pebbles are of hornblende- or pyroxene- 
andesite, and the matrix is a gravel of the same character. 
Above the conglomerate are brown sandstones, very similar to 
the Denver sandstones of Table Mountain, and in one stratum 
some fossil leaves were found. The only identifiable species 
collected has been determined by Mr. F. H. Knowlton as 
Magnolia tenuinervis Lx. The specimen first described by 
Lesquereux came from the Denver beds of Table Mountain. 


26 W. Cross— Post- Larami Deposits of Colorado. 


Since then the species has been repeatedly collected from Th 
same beds and has also been detected at Black Butte. Wvon 
ing. 


That portion of the Hayden map representing the area t 


the westward from the Animas River is based upon the wo 
of Mr. W. jai Holmes. In deseribing he serles called 
Laramie, to which the strat served | r. Stanton 
dently belong, Mr. Hol: 
of brown sandstones, shales 
section on the La Plata River 
feet to the Puereo marls ” 
them, and 1120 fi | 
are called Fox Hills. Through the kindness ol Mr. Holmes | 
have been ailowed to examine his original field-notes in thi 
area, and tind that the general resemblance of these “ Lara 
mie” strata to those at Table Mountain near Golden was 
recorded. There is, however, no definite evidence in thes 
notes to eontirm the generalization suggested by Mr. Stanton’s 
observations that the strata be tween the ‘ Puerco marls ” and 
the coal-measures, west of the Animas River. are equivalents 
of the Denver beds, although the strata noted by him ¢e1 
tainly oceur in that p tion. 

In an article entitled: “The relations of the Puerco 
Laramie deposits”+ Professor E. D. Cope states that ac 


e\ 


1 
et To the coal-m 


cording to the observations of Mr. David Baldwin “the 
Laramie beds succeed [the Puerco] downward. conformabl\ 
it is thought by Mr. Baldwin; and have a thickness of 2,000 
feet at Animas City, New Mexico. [?] They rest on Fox Hills 
marine Cretaceous of less thickness. A few fossils sent fron 
time to time by Mr. Baldwin identify the Laramie. This is 


especially done by the teeth of the dinosaurian genus Dys 


ganus Cope, which is restricted to the Laramie formation 
everywhere. Also by the presence ot the genera Lelaps and 
Diclonius, which in like manner do not extend upward into 
the Puereo beds. Th Lelaps is principally represented by 
teeth, which resemble those of the Z. dnerassatus Cope, mor 
than those ot any other species The Dysgan 
agrees with the D. encaustus Cope, which, with the Lelaps 
‘nerassatus, was described from Spt cimens from the Upper 
Missouri.” 

In recent “ Notes on the Dinosauria of the Laramie’ 
Professor Cope describes a new Dinosaur, Pteropelyx “found 
near Cow Island, Montana, on the Upper Missouri, in 1876.” 
“The genus Pteropelyx displays characters between th 

* Ninth Ann. Rep. U. S. G. & G. S. 1875, p 
+ American Natural 
t American Natur 
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Hadrosauride and Agathaumide ” (= Ceratopside, Marsh). 
He then remarks that it is to be compared with Dysganus. 
Now the original descriptions of the genera Dysganus and 
Diclonius and of the species Lelaps incrassatus are in an 
uticle entitled: “ Descriptions of some vertebrate remains 
from the Fort Union beds of Montana,”* without any further 
statement in the text as to the geographical or geological posi- 
tion of the occurrence. The new dinosaurian genus J/onoclo- 
nius was also described in this article. Mlonoclonius is now 
regarded as belonging to the horned Dinosaurs, and four species 
have been named by Professor Cope,t from Montana. One of 
these, J. sphenocerus, came from near Cow Island, on the 
Missouri, while another, J/. vrecurvicornis, came from the 
* Judith River beds” on the north side of the Missouri River 
nearly opposite the mouth of Dog Creek. This last informa- 
tion is found in Professor Cope’s report of the expedition 
during which all of these Dinosaurs appear to have been col- 
lected.t 

From the casual statements of localities and’ horizons above 
recapitulated it appears that somewhere in the 2000 feet of 
strata assigned by Professor Cope to the Laramie on the 
Animas River several species of Dinosaurs have been found, 
and that they most resemble a fauna collected in “ Fort Union” 
beds near Cow Island, on the Upper Missouri River, in Mon- 
tana, a locality which has furnished at least one species of the 
Ceratopside. It is worthy of note that the so-called “ Lara- 
mie” section below the Puerco on the Animas River contains 
strata resembling the Denver beds, and also Dinosaurian re- 
mains of types resembling, or associated in Montana with, the 
Ceratopsidz. Whether the Dinosaurs occur in the Denver- 
like beds remains to be proven. It is certainly of importance 
to discover the character of the vertebrate fauna in beds 
thought to oceur conformably below the Puerco. 

Middle Park.—The Hayden atlas of Colorado represents a 
large continuous area of Laramie beds in Middle and North 
Parks, a representation based very largely upon the work of 
the late A. R. Marvine, during the seasons of 1873 and 1874. 
In the annual report for the former year Marvine describes in 
considerable detail the region of Middle Park, but this able 
and lamented geologist died before the notes of the next sea- 
son’s work could be put in shape for publication, and the data 
he then collected are practically lost to science. No publica- 
tion of importance concerning the supposed Laramie beds of 
Middle Park has appeared since Marvine’s report. 

* Proc. Acad. Nat. Sci. Phil., vol. xxviii, p. 248, 1876. 

+ ‘The Horned Dinosauria of the Laramie,” Am. Naturalist, vol. xxiii, p. 715. 

t Bulletin, U. S. G. & G. 3., vol. iii, p. 565, 1877. 
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In his report on Middle Park Marvine describes very clear! 
the excellent section of the Cretaceous formations exposed in 
a synclinal basin cut across by the Grand River for eight 
miles above Hot Sulphur Springs. He also gives detailed 
maps, and sketches from the master hand of W. H. Holmes. 
He well understood the importance of the locality from tli 
standpoint afforded by his interpretation of the stratigraphy 
and since 1873 the * Laramie” of Middle Park has been cited 
as probably the only decided instance of great unconformity 
between this formation and the lower Cretaceous horizons. 

To summarize Marvine’s description of the Grand Rive: 
section, he found the Cretaceous, from the Dakota to the Fox 
Hills, inclusive, exposed on both sides of the syncline men- 
tioned. Then comes a formation occupying the center of the 
shallow syncline, which is described as follows :* “ Above the 
Cretaceous No. 5, the next youngest rock is a local occurrence 
of volcanic doleritic material, consisting partially of subaque- 
ous-arranged material—dolerite, tuff, and breeccia—and partially 
as accompanying lava-flows; in all, reaching a maximum thick- 
ness of 800 or 900 feet.” This formation is thereafter usually 
designated as “ Doleritic breccia.” ‘ Resting upon the latter 
[the breecia] when it occurs, but elsewhere upon Cretaceous 
No. 5, and apparently conformable with the latter, except at 
one point where there is a decided unconformability, is a series 
of beds which reach a thickness of about 5500 feet.” .... 
“They are composed in part of sandy shales, in places more 
or less argillaceous and quite soft, spaced rather regularly with 
more prominent and characteristic horizons of coarse sand- 
stones, which are often inclined to grits and fine conglomerates. 
The texture of the latter is usually open and not firmly com- 
pacted, while the material of which they are composed is 
characteristically the debris of the Archzean rocks of the moun- 
tains, granitic debris prevailing.” . . . “‘Impressions of decid- 
uous leaves are quite numerous at favorable localities and small 
isolated patches, and one or two thin seams of carbonaceous 
material were also observed. No other fossils were observed 
in these beds. It has been strongly affected by the last great 
folding accompanying the formation of the Rocky Mountains, 
portions of it being abruptly upturned, together with the 
underlying sedimentary rocks. In position and character, 
therefore, this group of beds appears to be the equivalent of 
the lignitic group east of the mountains.” 

To the westward of this syncline, in which the formations 
are apparently conformable, Marvine found that the “ lignitic 
beds ” above the “ breccia ” in fact overlap the latter and rest 
successively on the inclined strata of the entire Cretaceous 


* Seventh Ann. Rep. U. 8. G. and G. S., pp. 156, 157. 1874. 
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section, the Jura, and the Archean. This was clear in the 
horizontal position of the “ lignitic ” strata of Mt. Bross which 
rest upon upturned Dakota and Ft. Benton strata, and of the 
ridge south of Hot Sulphur Springs. The relationships are 
expressed in the Hayden atlas and in the large scale maps 
accompanying Marvine’s report, to which the reader must be 
referred for details) The “thin seams of carbonaceous 
material ” mentioned by Marvine became coal beds in subse- 
quent writings of other geologists, and the fossil plants said 
to have been collected here were identified by the paleobotan- 
ists as “* Laramie,” excepting a few which are described by 
Lesquereux without explanatory comment as coming from the 
Green River Eocene. The plainly provisional correlation of, 
these beds with the coal-measure horizon east of the moun- 
tains by Marvine, has not been questioned until recently. 

It is evident to any one intimately acquainted with the Lar- 
amie proper that the description and statements of Marvine 
do not establish a satisfactory correlation between .the Middle 
Park “lignitic” beds and the Laramie. In the light of the 
investigations of the Denver region the unconformity noted 
by Marvine and the thick beds of eruptive material at the base 
of the series suggested a different correlation. In the summer 
of 1889 Mr. George L. Cannon, Jr., of Denver, a geologist 
well acquainted with the local formations, was sent into Mid- 
dle Park by Mr. Emmons to examine the so-called “ lignitic 
formation ” of Marvine. On the basis of Mr. Cannon’s work 
it has already been stated by Mr. Emmons that the Middle 
Park series does not correspond with the true Laramie.* In 
October, 1891, the writer visited Middle Park, extending the 
observations of Mr. Cannon and determining still further the 
relationships of the formation in question. A paper giving 
the results of these examinations is in process of preparation, 
but the main features may be here summarized. 

The statements of Marvine as to the unconformity existing 
between the “lignitic” beds and the Cretaceous section are 
very clearly correct. There are faults not noticed by him 
which complicate the local geology very much but they cannot 
explain the transgression of the newer beds across the entire 
Cretaceous section and to the Archean. The unconformity is 
also shown by an examination of the Cretaceous horizon upon 
which the “doleritic breccia” rests in the section of the 
‘breccia spoon,” the syncline above mentioned. It is evident 
that no strata corresponding to the Laramie proper now exist 
in this section. Marvine refers the strata below the “ breccia ” 
to the Fox Hills, but gives no special reason for the assign- 

* Orographic Movements in the Rocky Mountains. Bull. G. S. A., vol. i, p. 
281, 1890. 
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ment aside from the general stratigraphical position. M 
Cannon, however, collected a number of fossil shells from t] 
shales below the breccia about one mile east of Hot Sulphi 
Springs, and on the south side of Grand river, that is, on th 
western flank of the “ breccia spoon.” These shells were sul 
mitted to Dr. C. A. White for determination. The followin: 
species were found at 15 feet below the “ breeceia:” /?te77 
parkensis White, Scaphites nodosus Owen, sp., Ostrea trans- 
lucida M. & H., Leda ( Yoldia) scitula M. & H.. Inoceramu: 
convecus M. & H., L sagensis Owen, Baculites ovatus Say, B 
compressus Say ?, Placenticeras placenta, De Kay, sp., and 
Dr. White is of the opinion that they indicate the lower 
Ft. Pierre division of the Montana r: ather than the Fox Hills 

Marvine’s description of the mechanical constitution of the 
“ lionitic ” series is generally ay phic: ible to the part above thi 
“ doleritic breccia,” but as regards the character of the mat 
rials composing both parts of the series some important coi 
rections are to be ma le. h fir lace the * doleritic 
breecia ” was unfortunately named. ror the rocks composing 
the complex are andesites as far as examined, and the entire 
mass seems to be a water-arranged de _ containing tinely 
preserved leaves in some of the most massive parts. The beds 
are very irregular in thickness, and are decidedly thicker o 
the ea ustern border « f the area than on the western. 

As to the great series succeeding the dark massive beds. Mai 
vine was in error in stating that they consist entirely of 
Areheean debris, for they contain andesitie material in ver 
variable amount for more than 2000 feet above the dark bre 
cia, and the whole series is evidently one. The character of 
the eruptive material changes somewhat upward in the series, 
lighter colored and more acid rocks prevailing. Many beds i 
the terraces north of Grand river are sandstones or erits con 
sisting of quartz and feldspar to a strongly prominent degre 
but none are entirely free from andesitic fragments, and con- 
glomerates composed very largely of eruptive material oft 
succeed quartzose sal ndstones The strata in the divide be- 
tween Middle and North Parks belong to the same series, 
according to Marvine. These were not visited by the writer, 
but the beds shown in the — ridges some eight miles nortl 
of Grand river, east of Whiteface Mountain. still carry a large 
amount of pinkish andesitic material. The same — 
constituents were found in the strata of Mt. Bross. and of the 
ridges south of Hot Sulphur Springs ; in fact, no beds of this 
complex were found to be wholly free from materials of this 
character. 

No animal remains are reported from the series by Marvine. 
nor were any found by either Mr. Cannon or the present 
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writer. Fossil plants are quite numerous in all parts of the 
series. Of those collected by the members of the Hayden 
survey a large majority came from Mt. Bross, and a few from 
distant localities on Willow and Troublesome Creeks, from 
strata referred to the same general horizon by Marvine. This 
material has been described by Lesquereux* but there has been 
such a serious confusion of localities in also assigning a num- 
ber of other fossil plants to Middle Park, that little use can at 
present be made of these identifications. Collections of fossil 
plants made by Mr. Cannon and the writer in various horizons 
of this series have been provisionally identified by L. F. Ward 
and F. H. Knowlton. From these data it can be said that out 
of about 35 well defined species more than 20 are known in 
the Denver beds of Table Mountain, at Golden, a closer cor- 
respondence of floras than is shown with any other horizon. 
Until the investigation of the Laramie flora now in progress 
has been completed it is useless to enter into more definite 
comparisons. 

The so-called Laramie beds of Middle Park seem from the 
foregoing facts to be the equivalent of the Denver beds. No 
strata corresponding to either the Arapahoe or Laramie proper 
are known in Middle Park, and the invertebrates collected by 
Mr. Cannon indicate that the upper part of the Montana is 
also wanting in the vicinity of Hot Sulphur Springs. Present 
information gives little ground for an estimate of the extent 
to which the missing formations were once developed in this 
region. 

Age of the Lake-bed Deposits. 

The facts of stratigraphy and lithology which have been 
recited show that in Colorado the great conformable series of 
Cretaceous formations ended with the coal-bearing Laramie 
strata. Deposition plainly ceased in this area because conti- 
nental elevation, which had long been in progress, finally 
caused the retreat of the Laramie seas. The magnitude of 
this elevation, the time interval involved, and the question as 
to the identity of this particular movement with the great 
movement generally supposed to mark the ending of Mesozoic 
time in the Rocky Mountain area, are clearly problems of 
great importance. Confining discussion at present to the in- 
disputable evidence of the deposits described, it is clear that 
when sedimentation began again in the region concerned it 
was in comparatively small seas or lakes. In the pebbles of 
the Arapahoe, Cafion City, and Ohio Creek beds, is found 
proof that adjacent landmasses consisted in part of upturned 
sedimentary rocks, and in the first named is the record of the 


* Monographs of the Hayden Survey, vol. vi, Tertiary Flora 
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slow erosion of 14,000 feet of strata, from the Laramie down 
to the “ Red beds” of the Trias.* 

Succeeding the first period of lake-beds came a time of 
great voleanic outbursts over a very large area. The ~ h 
of geologic time occupied may not have been very great, bu 
the extent of country in which eruptions occurred at this time, 
and the great variety of lavas found in the De snver and Middle 
Park beds, argue for the decided importance of the event as a 
dynamic manifestation. The position of the Middle Park 
beds on the edges of the Cretaceous section below the Ft 
Pierre, proves a period of erosion there which was no doubt 
contemporary with the Arapahoe epoch though its record is 
not known in deposits. Marvine assigns a thickness of over 
6000 feet to the Middle Park beds (including the “ breccia” 
characterized through the lower half at least by volcanic ma- 
terial,—striking testimony to the extent of the eruptions and 
the duration of the ‘period of deposition, which must have 
been one of subsidence, approximately equalling the thickness 
of beds deposited. 

The question as to the age of the formations under discus- 
sion is the question as to the length and importance of the 
periods in which the events clearly recorded in their sediments 
took place. From the standpoint of structural and physical 
geology an adequate chronology will distinguish or separate 
this period from that of the coal-bearing Laramie; but accord- 
ing to the principles of geology the measure of the geologic 
time involved is to be sought in the fossils,—in a comparison 
of the life of the two periods which are to be distinguished. 
But at the very outset of such an attempt it becomes evident 
that a very large number of fossils said to occur “in the Lara- 
mie” are not at present available for such a purpose. This 
difficulty arises chiefly from the fact that the stratigraphical 
position of the beds of many localities where “ Laramie” 
fossils have been found has not been at all clearly determined. 

In their recent discussions of orographic movements Messrs. 
Emmons and Hills have treated the post-Laramie disturbance 
as that closing Cretaceous time. The formersays: “ With the 
exception of the great panne between the Archzan 

* The lithological evidence upon whi the distinction of the local formations 
above mentioned has been largely made will probably make little impression 
upon some readers. It is a striking fact in many observations of the past and 
the present in the western region, that the material constitution of coarse graii 
sandstones and conglomerates has been and is now practically ignored. But if : 


conglomerate in the apparently conformable Cretaceous section contains pebbles 


of Niobrara limestones, of the extremely characteristic Dakota conglomerate. of 
red Jurassic or Triassic sandstone, or of Carboniferous chert, a definite unconfor 
mity of great magnitude is made known which does not require proof in visibl 
angular unconformity or in the fossils, though the latter undoubtedly will confi! 
it when they are known in sufficient detail. 
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and all overlying sediments, . . . no movement has left such 
definite evidence as that which followed the deposition of the 
coal-bearing rocks, to which the name Laramie has by univer- 
sal consent been applied.”* And while Mr. Hills thinks that 
some of the effects hitherto ascribed to the post-Laramie 
movement belong to that following the Bridger Eocene, his 
conclusion in regard to the Arapahoe, Denver and equivalent 
beds, is as follows: “ From all the evidence available it appears 
that stratigraphically these beds are not Laramie, since to refer 
them to the Cretaceous would bring us face to face with the 
necessity of conceding an earlier date than post-Cretaceous to 
the Rocky Mountain revolution. Nor are they, paleontologi- 
eally, a part of the recognized Eocene. Whence we must con- 
clude that they are not assignable to either of these terranes, 
but should be regarded as transition beds deposited subsequent 
to the beginning of the post-Cretaceous movement, or probably 
during its progress and hence of post-Laramie age.’’+ 

The Denver beds contain a very large and well preserved 
fossil flora. So do the coal-measures of the Laramie in the 
same field, and more than 160 species have been described 
from this district by Lesquereux.t It has already been 
shown§ in describing the Denver beds that from the statements 
of this author only. a very small percentage of the described 
species can be definitely assigned to one of the two plant- 
bearing horizons, nor is the desired information to be found on 
the labels or in the catalogue of the National Museum where 
the original specimens are now deposited. Examination has 
also shown a lamentable inaccuracy in designation of localities 
for the fossil plants of various other localities assigned to the 
Laramie. This is true especially of the plants from the Mid- 
dle Park beds, as has been mentioned. The existing confusion 
is so great that no credible table can now be constructed from 
published data to show, excepting in a most general way, 
whether there is or is not a noteworthy difference between the 
known flora of the Denver and Middle Park beds and that of 
the Laramie proper. But on the basis of new and extensive 
collections from known horizons a thorough revision of this 
portion of the Laramie flora is now in progress in the paleo- 
botanical department of the Geological Survey. Until the 
results of this revision can be made public a discussion of the 


* Orographic movements in the Rocky Mountains, Bull. G.S. A., I, p 285, 1890. 

+ Orographic and structural features of Rocky Mountain geology, Proc. Colo, 
Sci. Soc , vol. iii, Part III, p. 397. 

¢{ Monographs of the Hayden Survey: vol. vii, ‘‘The Tertiary Fiora;” vol. 
viii, ‘‘ The Cretaceous and Tertiary Floras;” also, Bull. Mus, Comp. Zool, Har- 
vard College, vol. xvi, No. 3, 1888. 

§ This Journal, vol. xxxvii, p. 272, 1889. 
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bearing of fossil plants in determining the age of the Denve: 
and allied deposits is useless. 

The few invertebrate fossils found in the Denver beds are. 
according to Dr. C. A. White,* of no special value in the 
present case. Viviparus trochiformis and Goniobasis tenu 


carinata are the only specifically identifiable forms as yet 
known, while imperfect forms referable to Corbicula, Physa, 
and Unio accompany them. 

The vertebrate fauna known from the Denver and Arapa- 
hoe beds is small, but its character is such as to raise some very 
broad questions for settlement before its value for purposes of 
detailed correlation can be determined. At the time the Den- 
ver and Arapahoe formations were described a considerable 
number of fossil bones had been found, and since that time 
additional material has been obtained by Mr. G. L. Cannon, Jr. 
All the material collected has been examined by Professor O. 
C. Marsh, who identifies fragments of turtles, crocodiles, and 
dinosaurs.t Only the latter are of especially recognized im- 
portance in this case. They belong for the most part to the 
remarkable new family, the Ceratopside. of which so many 
wonderful forms have been described within the last three 
years, and it is necessary at this point to pass in review certain 
phases of the discoveries made by Professor Marsh, and the 
facts stated in the publications concerning them. 

In aseries of articles in the American Journal of Science 
beginning December, 1888, Prof. Marsh has described a won- 
derful new fauna said to occur in the Laramie of Montana, 
Wyoming and Colorado, the two most important elements of 
which are a group of horned Dinosaurs forming a new sub- 
order, the Ceratopsia, and a large number of small mammals. 
The new Dinosaurs are closely related to Stegosaurus in many 
features of the skeleton, but the skull and dermal armor have 
become strangely modified and possess marked characteristics 
“not before seen in the Dinosauria.” With the exception of 
a few isolated bones and teeth mentioned by Cope the mam- 
malian fauna associated with these Dinosaurs is the first to be 
discovered in the American Cretaceous, and is closely allied to 
that known in the Jura, and widely different from that charac- 
terizing the Wasatch Eocene.} 

* Cited in article describing the Denver Formation, this Journal, vol. xxxvii 
275. 

4 The fossil from the Denver beds originally described by Professor Marsh as 
Bison alticornis is now regarded by him as belonging to Ceratops (this Journal 
xxxviii, 174, 1889). 

¢ The writer wishes to acknowledge the courtesy and kindness of Profe 
Marsh in showing him a large number of the remarkable and important forms 
which have been found in the Ceratops beds, and in explaining the great prob- 
lems they present to the evolutionist, together with their apparent bearing upo! 
questions of historical geology 


W. Cross—Post-Laramie Deposits of Colorado. 85 


In attempting to correlate the new formations of the Denver 
field by means of their vertebrate fossils it is necessary to 
know the horizon or horizons which have furnished the large 
new fauna recently described. A review of the papers published 
by Prof. Marsh shows, however, that except for fossils which 
came from the Denver region no detailed evidence is given as 
to the stratigraphical or geographical position of beds contain- 
ing any of the fossils described. There are only the general 
statements that they “come from the typical Laramie of 
Wyoming” or “of Montana.” All localities are correlated as 
belonging to one genera! horizon, “the Ceratops beds,” and 
the assertion is made that: “This horizon is as strongly 
marked as that of the Atlantosaurus beds, and has now been 
traced for nearly eight hundred miles along the eastern base of 
the Rocky Mountains.” And as to stratigraphical relation to 
lower beds, “Toward the north, it is underlaid by marine 
Cretaceous strata containing Fox Hill fossils, but farther south, 

various older formations are found immediately beneath it.’ 

It certainly seems natural and it may almost be said coe 
that such a new and specialized group of animals should char- 
acterize a well marked geological horizon. But as far as the 
actual position of the Ceratops beds has been described, 
namely, in the Denver region, they are separated from the 
normal Laramie by a great unconformity, and it remains to be 
demonstrated that the new forms occur at all in the Laramie 
proper. It is believed to be a fact that in all the great Lara- 
mie formation of Colorado, where it has been studied more 
thoroughly and connectedly than anywhere else, no represent- 
atives of the Ceratopside have been found ; and that the same 
is true of the adjacent connected deposits in New Mexico and 
Utah. None of the species described by Prof. Marsh has been 
stated to come from the Laramie coal-measures of southern 
Wyoming, but it seems probable that the historic Dinosaur 
called Agathaumas by Cope, the discovery of which at Black 
Butte in 1872 played such an important part in deciding opin- 
ion as to the Cretaceous age of the Laramie, may prove to be 
of importance in the present discussion also. It is now 
thought by both Cope + and Marsh { that this form is a horned 
Dinosaur. If this is true the Ceratopsidee are represented to 
the west of the Front range in what have been called typical 
Laramie strata by some authors. But it happens that the 
Black Butte locality is one concerning which geologists have 
differed considerably in their observations and opinions. A 


* This Journal, vol. xlii, p. 338, 1891. 
+ Amer. Naturalist, xxiii, p. 715, 1889. ¢ This Journal, xliii, p. 83, 1892. 
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succession of several thousand feet of strata in this region has 
been referred to the Laramie, but — Powell claims to have 
found an important physical break below the horizon contain 
ing the Agathaumas, as he expressly states,* and if this is true 
this Dinosaur may actually occur here in strata contempora 
neous in time with the Arapahoe beds. In any case it remains 
to be proven that the ‘“Ceratops beds ” of Marsh, from the 

eastern base of the Rocky Mountains” are stratigraphical 
mae of the horizon at Black Butte in which the Avyath- 
aumas was found. 

This brings us to the questions: On what ground does 
Prof. Marsh assign the Ceratops beds to the Laramie? and 
What does the Laramie properly embrace? The assignment 
rests, as far as published evidence goes, on the presence of a 
new fauna of strong Mesozoic affinities, in beds more recent 
than the Fox Hills, and unknown, with the possible exception 
noted above, in strata known to occupy the stratigraphical po- 
sition assigned to the Laramie in its original definition. The 
general statement of Prof. Marsh that the Ceratopsid he has 
described “ are found in the typical Laramie of Wyoming” is 
misleading in this sense, that, to any one acquainted with the 
literature of the subject, “ the typical Laramie of Wyoming” 
must always be that formation in southwestern Wyoming to 
which Mr. Clarence King first applied the name, or its demon- 
strated equivalent. And it seems opportune to quote here the 
definition of the Laramie given by that author. After explain- 
ing, that on consultation with Hayd len and without compro- 
mising differences of opinion as to the age of the beds in 
question, a common name had been adopted, he says: “ Ac- 
cordingly ... it was amicably agreed between us [Hayden 
and King] that this series should receive the group name of 
Laramie, and that it should be held to include that series of 
beds which conformably overlies the Fox Hills.” + Experi- 
ence since this definition was set up has shown that over a 
very large area there is a great and important formation to 
which that definition strictly applies. And evidence continu- 
ally accumulates to prove that this formation, which certainly 
must be called the Laramie, was the last of the series of con- 
formable deposits belonging to the Cretaceous. 

Returning to the question as to the evidence concerning the 
stratigraphical position of the “ Ceratops beds,” it is to be 
noted that in Montana and Wyoming they are said to oceur on 
the eastern flank of the Rocky Mountains, in a district which 

* Geology of the Uinta Mountains. p 


+ Final reports of the Fortieth Parall 
p. 331. 


ie 


1 Survey, vol. i, Systematic Geology 
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has not been carefully explored as yet except for vertebrate 
fossils. And marked angular unconformity at the base of 
these beds might not be distinguishable if the shore line was 
too far removed from the localities examined. But even the 
general statement of Prof. Marsh seems to indicate a great 
actual unconformity, for he says, in the sentence quoted above, 
that, in some places not specified, “ various older formations 
are found immediately beneath it” (i. e. the Ceratops horizon, 
called ‘the typical Laramie”). As invertebrates and plants 
are stated to be associated with the vertebrate fauna it seems 
quite necessary that their testimony, as well as all available 
stratigraphical and lithological details, should be given, before 
the beds in question can be satisfactorily correlated. 

The cited statement of Prof. Marsh that “the Ceratops beds 
have now been traced nearly eight hundred miles along the 
eastern flanks of the Rocky Mountains” implies the actual 
connection of the formations of the Denver field with that 
containing the new-fauna in Wyoming. But the area of the 
Denver beds is known to be quite limited, and the Arapahoe 
beds on the plains east of Denver are thin and erosion has 
entirely removed them in many places, exposing the under- 
lying Laramie. It is, however, possible that they thicken again 
farther out on the plains, or reappear to the nor thward beyond 
the Platte valley. If the investigations of Prof. Marsh have 
actually connected the Ceratops beds of Wyoming with the 
Arapahoe beds of Colorado, this fact is of great importance as 
fixing the stratigraphical position of the Ceratops horizon as 
post-Laramie. If, however, the Ceratops beds of Wyoming are 
contemporary with the true Laramie, then they do not belong 
to the same epoch as the Denver and Arapahoe beds. 

The above considerations show that the vertebrate fossils of 
the Arapahoe and Denver beds cannot at present be used as an 
argument either for or against the proposed separation of 
these lake-beds and their equivalents from the Laramie, be- 
eause the new fauna recently described has not been identified, 
in published statements at least, in strata satisfactorily iden- 
tified with the true Laramie on other ground than that of the 
new fossils themselves. It is clearly suggested by the known 
evidence that the new family of Dinosaurs may be found to 
be specially characteristic of the epoch to which the lake-beds 
described belong, as distinctive from that of the Laramie 
proper; that their remarkable specialization may have taken 
place largely as a result of the changed conditions following 
the great orographie movement closing the Laramie. Until 
more is known about the distribution of the Ceratopside and 
their immediate ancestors in the Cretaceous series of forma- 
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tions, they certainly cannot be used as diagnostic fossils fo 
any horizon. 

The facts of stratigraphy and lithology demand that the i 
terval between the Laramie and’ the lake-bed deposits shoul 
be recognized as a very important one. The known fossils d 
not aid us in determining the importance of that interva 
because their distribution with reference to it is so imperfectly 
established. Such seems to be the necessary verdict from thi 
examination of the direct evidence available at present. Much 
collateral testimony might be introduced into this discussion, 
from observations in remote districts, but it seems undesirable 
and premature to consider such evidence at this time. Some 
of the reasons for this conelusion will appear in the more 
general discussion to follow. 

Assuming that the lake-beds deseribed in this article should 
be separated from the Laramie, the question as to whether they 
are Tertiary or Cretaceous is quite another problem. It was 
argued in the article on the Denver beds that the establish- 
ment of a profound orographic movement in the period sue- 
ceeding the Laramie, followed by extensive and long-continued 
voleanie outbursts, indicated that the deposits of the Arapahoe 
and Denver epochs should be assigned to the Eocene. This 
was in harmony with the ideas to be found in all previous 
speculations as to what actually closed the Cretaceous period. 
At the time the article in question was written a few bones 
had been identified by Professor Marsh as belonging to Dino- 
saurs and other vertebrate forms of Mesozoic types, but the 
fact that these animals had survived a period of various 
dynamic disturbances of great magnitude seemed then to 
indicate that they were straggling survivors into earliest 
Eocene time rather than that the movement should be placed 
in the Cretaceous. 

The facts presented in this paper make it plain that the dis. 
cussion of this question involves now a diseussion of the 
broader one as to the character and position of the line to be 
drawn between Mesozoic and Cenozoic deposits in the Rock 
Mountain region, and as to the criteria to be used. And at 
present there is such a decided conflict between the results 
reached in applying different criteria that the necessity for 
more information on many points is clear. In illustration of 
this necessity a few of the recently expressed opinions upon 
this subject will be quoted. 

Professor Marsh* in a recent publication on the Cretaceous 
mammalia and their associated vertebrate fossils, occurring 
in the Ceratops beds—“the Laramie of Wyoming ”—says: 


* This Jour 
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“These remains are not transitional between Mesozoic and 
Tertiary forms, but their affinities are with the former beyond 
a doubt; thus indicating a great faunal break between the time 
in the Cretaceous when they lived and the earliest known Ter- 
tiary, or between the Ceratops horizon and the Coryphodon 
beds of the Eocene Wasatch. The lower division of the 
Coryphodon beds, or lower Wasatch (Puerco), is clearly 
Tertiary, and the great break is between this horizon and the 
Ceratops beds of the Laramie.’ Concerning the abundant 
faunas of the two horizons, “the more the two are compared 
the stronger becomes the contrast between them. Instead of 
placing them close together, as some geologists seem inclined 
to do, it will be more profitable in future to search for the 
great series of intervening strata containing the forms that 
lead from one to the other.” “ Bearing in mind all that is 
known to-day of the development and succession of vertebrate 
life in America, from the early Silurian on to the present time, 
it is safe to say ‘that the faunal break as now known between 
the Laramie and the lower Wasatch is far more profound than 
would be the case if the entire Jurassic and the Cretaceous 
below the Laramie were wanting.”* 

Professor E. D. Copet in his “Synopsis of the Vertebrate 
Fauna of the Puerco series” (1888) considers the Puerco 
fauna as widely distinct from that of the Wasatch, and points 
out that among 106 species of vertebrates known from the 
Puerco not one is found either in the Wasatch or in the Lara- 
mie; that some important Mesozoic types end in the Puerco; 
that ‘two orders universally present in the Eocenes, the Peris- 
sodactyla and the Rodentia, are wanting from the Puerco”; 
and that many Puerco forms are plainly the ancestors of 
Eocene types. Shortly before this publication Professor 
ine had assigned the Puerco and Laramie to the “ Post- 
Cretaceous” as expressing their relationship better than to 
class one with the Eocene and the other with the Cretaceous. 
It is worthy of note that the Puerco was assigned to the 
Eocene by Professor Cope§ as recently as 1883. 

Professor Marsh refers the Puerco to the lower Wasatch= 

* Since the completion of this article Prof. Marsh has announced the presence 
of Ophidians and true Lacertilians with the gigantic dinosaurs of the Ceratops 
beds, “in the Laramie of Wyoming.” No serpents have hitherto been found ia 
America below the Eocene. (Notice of new reptiles from the Laramie Forma- 
tion. This Journal, vol. xliii, p. 449, May, 1892.) 

+ Trans. Am. Phil. Soe., vol. xvi, pp. 298-361. 

t The Relations of the Puerco and Laramie Deposits. Amer. Naturalist, vol. 
ix, p. 985, 1885. The Mesozoic and Ceenozoic Realms of the Interior of North 
Americ Ibid, vol. xxi, p. 445, 1887. 

Monograph of the Hayden Survey, III, Tertiary Vertebrata, Book I, p. 4, 
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Lower Coryphodon beds, but Professor Cope says, in 1883 
“Coryphodon is, so far, unknown,” and in his last synopsis « 
the Puerco fauna (loe. cit.) he does not include that form. 

Regarding the first mammalia described by Prof. Marsi: 
“from the Laramie” Prof. Cope* has said: ‘ These species 
are of identical character with the Puerco mammals, althoug), 
there is no species identical with any in the Puerco, where 
there is not a single Cretaceous reptile. The mammals of the 
Laramie are, like the saurians, rather Cretaceous than Tertiary ; 
but the character is not as pronounced.” 

The question as to the relations of the Laramie to the 
Eocene has recently been reviewed by Dr. C. A. White in the 
Correlation Essay on the Cretaceous prepared for the Fifth 
International Congress of Geologists,t and with the result 
that the Laramie “is held to represent both the close of the 
Cretaceous and the beginning of Tertiary time,” with a proba- 
bility that in certain known areas there has been continuous 
sedimentation from the coal-bearing Laramie through to the 
Wasatch Eocene or it equivalents. The molluscan fauna is 
said to favor such a conclusion. 

Prof. J. S. Newberry ¢ has recently expressed the decided 
opinion that the diverse views of geologists concerning the 
Laramie have in large part “arisen from the fact that many 
writers on the subject have combined two distinct formations 
in the Laramie and have called them one, when they have 
almost nothing common, belong to different geological systems, 
and should never have been united.” He then assigns the 
Fort Union beds of Montana to the Eocene, and the remainder 
of what has been called Laramie to the Cretaceous, asserting 
that the floras of the two “are totally distinet.” 

In discussing this paper Prof. L. F. Ward claimed that the 
Ft. Union flora was not absolutely distinct from that of the 
Laramie though very different, and that it might well be con- 
sidered as Cretaceous. 

Prof. Marsh states§ that “the Ft. Union Eocene beds on the 
Upper Missouri” rest immediately upon the “ Ceratops beds.” 
It would be interesting to know the flora of the “Ceratops 
beds” and the vertebrate fauna of the “Ft. Union beds” in 
this region. Prof. Cope has published a “ Description of some 
vertebrate remains from the Ft. Union beds of Montana,” 


* Bull. Geol. Soc. of Am., vol. i, p. 532 (Dec. 1890). In discussion of a paper 
by J. S. Newberry, The Laramie Group. 
+ Correlation Papers. The Cretaceous, Bull. 82, U. 8S. Geological Survey, 1891 
Compare pp. 262. 
¢ The Laramie Group, Bull. Geol. Soc. of Am., vol. i, p. 524. 
§ This Jouraal, xlii. p. 336 
Proc. Acad. of Nat. Sci. of Phila., vol. xxviii, p. 248, 1876 
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but without any statement of locality or stratigraphical data, 
so that his paper stands rather as an illustration of the common 
manner in which uncertainty and confusion have been intro- 
dueed into the literature of the Laramie, rather than as evi- 
dence that Dinosaurs occur in beds containing the Ft. Union 
flora. 

From these recent expressions of opinion concerning the 
Laramie in its comprehensive sense and of the period of time 
between the marine Cretaceous and the Puerco or lower 
Eocene, it is clear that paleontologists have sought to correlate 
the formation and characterize the period from the evidence 
of the flora or of a particular fauna. In some eases at least 
the opinion has been rendered upon biological grounds alone, 
and has been announced with great confidence, often with but 
the slightest reference to the results reached upon other pale- 
ontological evidence or to contrary opinions from the same 
evidence, with little regard for known facts of stratigraphy, 
and still less for the very important fact of utter ignorance 
concerning the actual relationships of some of the places, hori- 
zons, and faunas or floras dogmatically correlated. This vari- 
ance of opinion is a natural result of the methods used, yet no 
one will dissent from the proposition that a correct knowledge 
of the history of this interesting period cannot be reached 
until all classes of evidence are carefully compared on a basis 
of unbiased and accurate observations in all directions. 

The facts brought together in this paper point to one impor- 
tant epoch in the period under discussion which has not been 
duly recognized, to say the least. Its broad intrinsic impor- 
tance has yet to be determined, and the writer wishes to dis- 
tinctly express his appreciation of the fact that that importance 
must ultimately be measured in great degree through the effect 
exercised by the conditions of that epoch upon the life of the 
time. But the great importance of the orographic movement 
which has been identified, in relation to the physical history of 
a very large district, must also be borne in mind. 

In conclusion, the writer wishes to advocate the restriction 
of the term Laramie, in accordance with its original definition, 
to the series of conformable beds succeeding the marine Mon- 
tana Cretaceous, and the grouping of the post-Laramie lake- 
beds described, with their demonstrated equivalents, in another 
series to which a comprehensive name shall eventually be 
given. This course has already been proposed by Mr. Hills in 
his conclusion which has been cited (p. 33). The question as 
to whether the series shall be referred to the Cretaceous or to 
the Eocene cannot be finally settled until the various conflict- 
ing elements of the evidence have been adjusted on a basis of 
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further and more exact information. But even if we assu) 
that the lake-beds are Cretaceous, the re remains a suttic 
argument for restricting the scope of the term Laramie in 
fact that to include the two or three series of deposits, W: 
the long intervals between them, under one group name wou 
make the latter unduly comprehensive and important in 
seale of Cretaceous sub-divisions 


Art. 1V.—On the Alkali-Metal Pentahalides: by H. 


WELLs and H. L. WHEELER With their Crystallography; 
by S. L. PENFIELD 


In the course of our investigations on the alkaline trila- 
lides,t the compounds CsCl. RbCl. Cl.I and KC 
were encountered. The potassium compound had been de- 
scribed many years ago by Filhol.t This investigator pre- 
pared also the body obtained a similar mag- 
nesium compound, probably ,O. He 
in his attempts to make an: with sodium and 
a considerable number of the other common metals 

It was evident from the pee uliar behavior of cesium tribro- 
mide and triiodide, mention of which was made in one of our 
previous articles,$ that a. still higher bromide and iodide 
existed. These have now been identified as pentahalides. 

In addition to these bodies we have prepared the sodium 
and lithium analogues of Filhol’s salt. They differ from all 
the other polyh: ilides that we have studied in cont: ining water 
of crystallization 

A large number of other alkaline pentahalides are theoreti- 
cally possible, but, although we have made numerous experi- 
ments with the view of making the most promising of these, 


* Canadian geologists have long recognized several important divisions in 
what they have called the Laramie. As their divisions cannot be —— cor- 
related as yet with those in the United States, owing to the very meag 
mation concerning the great complex of supposed Laramie strata in Mont 
writer has avoided a consideration of those points in this paper. It 
unlikely that the divisions of the group made on combined stratigr: ip! 
paleontological grounds in Canada will agree with those to be reac a ed fi finally 
this country. The * Edmonton” and “ St. Mary River” beds seem to correspond 
to the Laramie proper, and the “ Paskapoo” and “ Pore upine Hills beds to t 
Fort Union, but it is less clear that their “ Willow Creek” or Middle Laramie of 
certain areas is equivalent to post-Laramie lake-beds here described. ‘1 
uplifting of the Rock Mountains” is said by Mr. J. B. Tyrrell to have taken | 
‘at the close of the gee 1 period (Report on a part of Northern Albert 
p. 137, Ann. Rep. Geol. 1 Nat. Hist. Survey of Canada for 1886). 

+ This Journal, ITT, and 475 

tJ. Pharm., xxv. (1839), 4: 

$ This Journal, TIL xliii, pp. 24 and 27, 
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we have been unable to prepare them. It may be stated that 
special efforts were made to obtain potassium and rubidium 
pentaiodides. 

This is produced, in an impure state as a black liquid solidi- 
fying at about 73°, by treating cesium triiodide with hot 
water and also by treating solid iodine with a hot solution of 
cesium iodide. Artificial mixtures of czesium triiodide and 
iodine, representing compositions varying from CsI, to Csl,, 
all melt at a uniform temperature of about 73°. It is evident 
from this that the composition of the black liquid cannot be 
determined from its melting-point. 

Cesium triiodide, which is readily soluble in alcohol, be- 
comes much more soluble in that liquid in the presence of two 
atoms of iodine to the molecule. A very concentrated solu- 
tion of this kind gives erystals of the pentaiodide by cooling, 
but a much better product is obtained by concentration over 
sulphuric acid, using a slight excess of iodine to allow for loss 
by volatilization. The erystals are well formed and have a 
brilliant black color. They can be distinguished from erystals 
of iodine, which may separate if too much of this substance 
has been used, by their brittleness as well as their form. The 


substance melts, not sharply, at 73°. It loses iodine on expo- 


sure about as rapidly as iodine itself volatilizes. It does not 
contain water or alcohol. 

Samples of the crystals quickly dried with paper gave the 
following results on analysis : 


Made by By evaporation, Calculated 
cooling. Separate products. 
Cresium 5°2 20°96 
Todine 
Cs Br. 

When a concentrated solution of cxsium bromide is shaken 
up with a large excess of bromine there is no separation of 
cesium tribromide, as is the case when the theoretical amount 
of bromine is used. A large part of the cesium bromide 
goes into solution in the liquid bromine, and on taking up a 
sufficient quantity of cesium bromide this solution becomes 
lighter in coler than pure bromine. 

A solution of cxsium bromide in bromine, made in the 
manner above indicated, was allowed to evaporate spontane- 
ously at a temperature below 0°. A dark red solid finally 
separated and it was prepared for analysis by pressing with 
papers at the same low temperature. After the adhering 
bromine had been removed the substance gave off bromine- 
vapor very rapidly. 
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Calculated 
Analysis gave for CsBr 
2008 94°95 
: 75°05 


The analysis corresponds with the formula CsBr, as well a- 
could be expected considering the great instability of the com 
pound. 

CsCl. Cl. 

This substance can be prepared by dissolving 40 g. of cesium 
chloride in a mixture of 600 c¢.c. of water and 200 ec. of 
concentrated hydrochloric acid, adding 30 g. of iodine (one 
atom), passing chlorine to saturation, meanwhile keeping the 
solution warm enough to dissolve any of the compound which 
separates in the form of a yellow precipitate, and finally cool- 
ing to crystallization. The hydrochloric acid is used to pre- 
vent the simultaneous deposition of an acid cesium iodate. 


Calculated 


Analysis gave, for CsCl. ClsI. 
Cesium .......... 32°44 33°09 
Chiorine ......... 34°79 35°32 


The erystals are of a pale orange color. They are in the 
form of slender prisms, usually in parallel position forming 
plate-like groups. The body is sparingly soluble in water and 
can be recrystallized from it without much decomposition. It 
is nearly permanent in the air. On heating it is apparently 
converted into CsCl]. Cll, for it melts like that substance at 
238° (uncorr.) in the open capillary tube. 


RbCl. CLL. 


This body can be conveniently prepared by adding 40 g. of 
iodine to a nearly saturated solution of 38 g. of rubidium 
chloride and passing in an excess of chlorine. The solution 
becomes warm from the reaction, and on cooling large orange- 
yellow plates are deposited. 


Calculated 


Analysis gave for RbCl. Clg! 
Rubidium 23°63 24°11 
Chlorine 39°00 40°05 


The compound is soluble in alcohol, unaffected by ether. 
When rapidly heated in an open capillary tube it melts at 
213° (uncorr.) undergoing some decomposition, and becomes 
completely white at about 270°. These numbers agree quite 


2 
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closely with the melting and whitening points of RbCl. CII. 
so that it is evident that there is a loss of two atoms of chlo- 
rine before much further decomposition takes place. In view 
of this fact it is remarkable that, when samples of RbCl. CI,I 
and RbCl. CII were exposed to the air side by side for three 
months, the compound containing the greater amount of 
chlorine was almost completely decomposed while the other 
remained nearly unchanged. It is therefore probable that 
RbC1. decomposes at ordinary temperatures by losing Cl,I 
as a whole, while by heating another decomposition takes 
place. 
KCl. CUI. 


This compound, first described by Filhol, has been prepared 
for the sake of studying its crystalline form. It is easily 
made by the method which has been given for the correspond- 
ing rubidium compound. The crystals obtained by cooling are 
in the form of very slender needles, but by evaporating the 
mother-liquor from these at ordinary temperature thicker 
prisms suitable for measurement can be obtained. 


Calculated 


Analysis gave for KCl. ClsI. 
Potassium 11°98 12°66 
45°31 46°10 


NaCl. 1,1. 2H, 0. 

To prepare this substance, sodium chloride and iodine in the 
ealeulated proportions are mixed with insufficient water to dis- 
solve the sodium chloride even on heating, chlorine is added 
to saturation at a gentle heat and the liquid is filtered while 
still warm. The solution on cooling to a low winter tempera- 
ture gives a crop of slender needles, but better crystals are 
obtained by evaporation in a desiccator. Some of the latter, 
quickly dried on paper, gave the following results on analysis: 


Calculated 
Found. for NaCl. 2H,0. 
Chlorine ......- 4892 43°29 
68°33 38°71 
12°84* 10°97 


The water was determined by direct weighing in a calcium 
chloride tube, the halogens being retained by an ignited mix- 
ture of lead oxide and lead chromate. 


* Determined in a separate sample. 
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The body is rapidly decomposed by exposure. It melts 
gradually between 70° and 90° and becomes white at abou 
115°. It is decomposed by strong alcohol and by ether. 

LiCl. CLI O. 

This was made by adding 60 g. of iodine to a hot saturated 
solution of 2( g. of lithium chloride in dilute hydrochloric acid. 
saturating with chlorine and cooling. A large quantity of 
long, yellow needles was thus obtained. On evaporating thi 
mother-liquor in a desiccator larger prisms were deposited. 


Calculated fo 


Analysis gave LiCl. ClsI. 4H.0. 
Lithium - 2°03 2:16 2-0] 
Chlorine _. 89°96 39°94 10°80 
Todine 37°54 36°77 36°49 
Water... 20°93 20°68 


On exposure To the air the substance quickly deliquesces, 
forming a yellow liquid. This gradually loses its color, finally 
leaving a solution of lithium chloride. The body melts at 
70°-80° and becomes white at about 180°. The ervstals of 
this compound were not measured. 


( ystallograph 


The crystallization of CsI, is triclinic. By slow evaporation 
of a solution in a desiccator, crystals were obtained which were 
about 10" in diameter. Two crops were examined. in one ot 
which the habit shown in fig. 1 prevailed while in the second 
the crystals were more highly modified like figs. 2 and 3. 


2. 
1 
4 
7 
é Mm 


The forms which were observed are: 


a, 100, 7-3 d, 011 ]-7” 0. 311 3-37 
c. 001. O 04] 4.5’ S41. 
m, 110, e, 02] 2 4-3’ 
M,110, J », sil, 


The axial! ratio is as follows: 


a@:6:¢c = 0°9890:1 : 0°42765 


a = 96° 56’ fi = 89° 553 y = 90° 214’ 


Cn | 

No 
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The erystals gave good reflections of the signal on the 
goniometer. In the following tables the measurements which 
were chosen as fundamental are indicated by an asterisk. 


Measured. Calculated, Measured. Calculated, 
a ac. 100.001 =*90° 2’ cam, 0014110 = 85° | 85° 9” 
naM, 110.110 =*89 47 c aM, 001.4110 = 85 
. 1004110 =*44 4% am, 0214110 = 65 
001.021 —*43 26 e ~M, 021,110 = 65 
0214011 =*65 2: dam, 0114110 =70 
~ M, 1004 110 daM, 0114110 = 70 
100 4 021 pam, 3114110 = 40 
100.2011 fad, 041,011 32 
Ap. 1004311 ram, 341.110 25 46 
100.312 ya M, 341.110 = 2 


th 


The form of CsCl. Cl,I is monoclinic. From a 
number of erystallizations this salt was always ob- 
tained in needles, sometimes over 20" in length 
and having the habit shown in fig. 4. 

The forms which were observed are: 


b, 010, 7-2 


1, 210, 


The axial ratio is as follows: 


@:b:¢ = 0°9423:1:0°4277, B= 100,001 


Measured. Calculated Measured, Calculated. 
¥#50° 25 tae, 23 ] 
*44° 5 pap, 21! 
*106 pab. « 
27 2 bad, 010,041 


lap, 
21202 


Inq, 2104211 


The crystallization of is 
monoclinic. This salt was crystallized a 
great many times and was always ob- 
tained in plates, sometimes over 20™" 
broad, but seldom 1™ thick. The habit 
is shown in fig. 5. 

The forms which were observed are : 


b, 010, ii m, 110, J 
c, 001, O p, 111,—1 
The axial ratio is as follows: 


= 11390: 1: 1975, = 100001 = 67° 64 


4, 
a eel p, 212, —1-2 s, 211, 2-2 
Fs q, 211, —2-2 d, 041, 4-% 
86° 20 
~1, 210 210 = 
= 
5. ; 
0 
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Measured. Measured, Calculated 
cam, 001.110 = *74° 267 cas, 001-4111 = 82° 12? 15/7 
ca p, OOLA11I = *55 20 s,m, 1114110 =23 20 23 19 
pag, pam, 1lllall0=19 5 19 


With the polarizing microscope the plates show an extine 
tion parallel to their diagonals. In convergent light nothing 
of the ring system can be seen, but a dark bar crosses th: 
field in the direction of the symmetry plane, indicating that 
the plane of the optical axes is the clino-pinacoid. 

The crystalline habits and axial ratios of CsCl. Cl,I and 
RbC1.CI!,I are wholly different and all attempts to find any 
similarity or mathematical relation between them has failed. 
We have endeavored to detect any hidden relation that night 
exist by examining separate crops of crystals, made from a 
solution containing both salts. Each form alone and mixtures 
of both were thus obtained, but no erystals of an intermediate 
form could be produced. One unmixed crop, having the form 
and angles of CsCl. Cl,I, contained about sixteen per cent of 
RbCl. Cl,I, while another, having the form and angles of 
RbCl. Cl,I, contained about eleven per cent of CsCl. Cl,I. 
These results show that isomorphous mixtures can 

att be obtained of either form, depending upon which 
<4) salt predominates, while the absence of any inter- 
| || mediate forms, and the inability to detect any mathe- 
| || matical relation between the two kinds of crystals, 
leads us to believe that the compounds are dimor- 
phous. 

The form of KCI.CI,I is monoclinic. This salt 
was repeatedly made in fine needle-like crystals, too 
small to measure, by allowing a warm saturated solu- 
tion to crystallize. By slow evaporation in a desic- 
J eator, at ordinary temperatures, stouter prismatic 

crystals, over 20"" long and 2™™ in diameter, were 
obtained having the habit shown in fig. 6. These gave excel- 
lent reflections and were measured without difficulty at winter 
temperature. 

The forms which were observed are : 


| | 


a. 100. 7-7 120, 7-3 
m, 110, J d, 023, 2-3 


The axial ratio is as follows: 


@:6: C= 0°9268:1:0°44725, 6 = 100,001 = 84° 18 
Measured. Measured Calculat 
mam, 1104110 = *85° 227 aad, 100 4023 = *84° 32’ 


023 a 023 = *33 120.120 = 56 58 56° 56 


ada 
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The positions and crystal symbols which have been adopted 
for this and the corresponding crsium salt were chosen to 
show a similarity in the axial ratios. Both salts are alike in 
having a prismatic habit, but the forms which occur on each 
are quite different. If it were not for bringing out this simi- 
larity in axial ratios the crystallography of both salts could be 
simplitied somewhat by giving to the dome ¢ above the sim- 
pler indices 011 and by taking the prism and pyramids of the 
exsium salt as belonging to the unit instead of to the macro- 
diagonal series. 

The anhydrous alkali-metal pentahalides do not form a well- 
defined crystallographic series, yet there are relations between 
three of them which seem to us to be more than coincidences. 
The similarity is shown in the following table: 


CsCl. Cl,I Monoclinic @ :6:% = 0°9423: 1: 0°4277, = 86° 20’ 


KCI. @:b = 09268: 1: 0°44725, = 84° 18’ 
CsI Triclinie :b:¢= 09890: 1 042765 
la =96' 56’, 6 = 89° 554’, y = 90° 219’ 


The crystallization of NaCl. Cl,l.2H,O is or- 
thorhombie. By slow evaporation of a solution 
in a desiccator crystals were formed over 10" in 
length, having the habit shown in fig. 7. 

The forms which were observed are: 

b, O10, é-% p, 111, 1 
m, 110, J d, 021, 2-% 


The axial ratio is as follows: 


b = 0°6745 : 1 


The crystals were measured at a temperature 
near 0° C. and gave excellent reflections. 


Measured. Measured. Calculated, 
mam, 110.110 = *68° 0’ mab, 110.010 = 56° 0” 56° 0” 
map, 110a111 =*46 44 bad, 010,2021= 43 29 43 32 


Sheffield Scientific School. 
April, 1892. 
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ART. V Fossils in the Archean 7 rocks of Central Pk 
mont Virginia; by N. H. Darron, U. S. Geologiea 
Survey. 


IT is my purpose in this paper to announce the discovery ot 
organic remains of Lower Silurian age in the roofin 1g slate at 
Arvon, Buckingham C ounty, Virginia. 

Piedmont Virginia received considerable study from W. 
B. Rogers in the State Surveys of 1835 to 1840, but I know 
of no subsequent investigations of its structure. The region 
contains a great variety of rocks, comprising granites and 
gneisses in large part, mica schists, chlorite schists, slates, mar- 
bles, conglomer: ates and various basic intrusives. The clastics 
are consider: ably metamorphosed and apparently their structure 
is complicated. 

During a recent reconnaissance of the Piedmont plain west 
of Richmond, in connection with studies of its geomorphology, 
I found myself near the slate quarries at Arvon, and on visit- 
ing them I discovered the organic remains. The loc ality is on 
a small branch of Slate River four miles southwest of Bremo 
Bluff Station on the James River. in the northeastern corner 
of Buckingham County. The belt is one of several which 
occur in Piedmont Virginia. The slate is hard and durable 
and it is extensively quarried for the market. W. B. Rogers 
refers to these slates in the part on Virginia in Macfarlane’s 
Geological Railway Guide and classifies them as Huronian, but 
on what grounds is not stated. I did not have time to study 
the local geologic relations of the slates, but it was noticed that 
they lie in a closely folded syncline in an altered sandstone 
which is in turn underlain by a highly altered conglomerate. 
This conglomerate increases in mass southward and fin: ally gives 
rise to Willis Mountain, an elevated knob which stands out 
prominently above the Piedmont plains. The cleavage of the 
slate dips S. 70° E. >85°. The slates are cut by dikes of dia 
base which have caused some local shattering, and they also 
contain oceasional knots of quartz in which Dr. G. H. Williams 
recently discovered the mineral anatase.* 

The fossils occur in a narrow belt along which the bedding 
and cleavage coincide. This portion of the juarry is now in 
greater part buried under debris, but owing a, ie kindness of 
Mr. Williams, the superintendent, I was able to secure several 
slabs. The remains are solely of crinoids and the slabs bea: 
many fragments of various parts of these organisms. Th« 
accompanying figures represent the more characteristic forms, 
faithfully reproduced by Mr. Hunter of the Geological Survey. 


* This Journal, III, vol. xlii, pp. 431, 432. 
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The slabs were submitted to Mr. C. D. Waleott, who las 
kindly made the following statement regarding them: “TI ha 
studied the specimens of slate showing crinoidal remains an 
come to the conclusion that tl 
raine or upper portion of the Ordovician fauna. One of t 
larger columns is closely allied to Schizocrinus nodosus, an 
some of the heads, although indistinct, approach closely 
Heterocrinus and Pot POC) these sugoestions are Go) 
rect, the slates are to be correlated with the Lorraine or Hue 
son series and in the same horizon with the Peach Botton 
slates of Pennsylvania. 

The occurrence of fossiliferous beds in the crystalline ar 
of Virginia will creatly aid in the dete rmination ot the ao 
and strueture of its rocks, and the discovery at Arvon mav hx 
regarded as a most fortunate one. There are several othe: 


ey belong to the Trenton-] 


belts of slate in the Piedmont recion, notably In Virgini 

Maryland and Pennsylvania, and it seems probable that othe: 
similar localities may be discovered. I have recently explored 
one of these belts which comprises the easternmost rock outcrop 
along the edge of the coastal plain from north of Fredericks 
burg to a short way beyond the Occoquan River, but without 
finding fossils. This belt will be designated the “ Quantico 
slates” on the Fredericksbure and *‘ Mount Vernon” sheets 
of the U.S. Geological Survey. Its slates are similar to thos 
of Arvon, but somewhat more altered, and they were at om 
time worked to some extent for roofing slate. although most 
of the beds contain more or less pyrite which renders them 


unserviceable for roofing. 


A RT, thie Camb; locks of Virginia and 


the Southern Appalachians 2 DY Cuas. D. WALCOTT. 


IN connection with the study of the Cambrian rocks and 
faunas of North America I made a hurried reconnaissance in 
the fall of 1891 of the sandstone series of central Virginia. 
In company with Mr. Bailey Willis and Prof. H. D. Campbell 
an examination was made of the Balcony Falls section along 
the line of the James River. It failed to bring to light an) 
traces of organic remains other than the Scolithus that occurs 
in the massive quartzite below the ferriferous shale at the 
western end of the gorge. On the following day well pre- 
served specimens of a species of Ptychoparia were discovered 
in the shale, by the roadside, about a mile south of Natural 
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Bridge and one-fourth of a mile north of Gilmore, on the 
James River. Crossing the James to the south side and oppo- 
site Gilmore, in company with Mr. Willis, a seareh was made 
for fossils in the strata above the Seolithus quartzite of the 
Baleony Falls section, At a point on a small brook about 
three-fourths of a mile from the river a ealeareous sandstone 
was found to contain the heads of a species of Olenellus, like 
Olenellus Thompsoni, also [lyolithes Americanus and COM- 

The discovery of these two horizons indicates that the 2000 
feet of strata beneath the ferriferous shales of the Baleony 
Falls section are of Lower Cambrian age, and that the shales 
not far beneath the dolomitie limestones of the Natural Bridge 
section are also of Cambrian age. The study of the heads of 
Ptychoparia, found in the latter section, show them to be so 
closely related to species from the Middle Cambrian beds of 
Tennessee that it is impossible to correlate the shales with the 
Upper Cambrian zone. Neither is there sutticient evidence, 
owing to the great vertical range of the species of Ptycho- 
paria of this type, to correlate the shales with the Middle 
Cambrian of ‘Tennessee ; at present we can only state that they 
we of Cambrian age, and that the Cambrian section includes 
the strata from the base of the dolomites, to the Archean 
rocks at the base of the Baleony Falls section. It is not im- 
probable that some of the lower portion of the upper massive 
dolomites may be of Cambrian age. 

The Doe River and Nolichucky sections of northeastern 
Tennessee were next examined. Although no fossils were 
found in the lower quartzites and argillites, it is evident that 
these sections may be correlated with the Balcony Falls see- 
tion of Virginia. In the Doe River section there is a Seo- 
lithus sandstone that oceurs two thousand feet or more above 
the base of the section, and the superjacent series of calcareous 
and shaly beds are usually removed by erosion. The Noli- 
chucky section appears to be a greater development of the 
same series as that exposed in the Doe River gorge. 

In central Tennessee we were joined by Mr. M. R. Campbell 
and a large collection of Cambrian fossils was made in the 
vicinity of Rogersville, Tennessee, and many points relating 
to the stratigraphy of the Cambrian rocks of that region were 
determined by the finding of typical Cambrian fossils. 

West of Cleveland, in East Tennessee, the Olenellus or 
Lower Cambrian fauna was found near the base of the Knox 
sandstone of Safford or the Rome sandstone of Hayes. Be- 
neath the sandstone a considerable thickness of limestone 
occurs and subjacent to this 2000 feet or more of arenaceous 
and argillaceous shales in which the Olenellus fauna was 


~ 
vo 
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found. In the central portion of the Rome sandstone series 
of the Cleveland section, 100 to 200 feet above the Olenellus 
fauna, a few species of the Middle Cambrian fauna were found, 
and higher up, in the shales and limestones above the sand- 
stone, an abundant fauna that is now referred to the Middl 
Cambrian zone. The same succession of faunas was found in 
the section east from Post Oak Springs, Roane County, Ten 
nessee. The Middle Cambrian fauna of the sandstone and 
also of the superjacent shales was found in the section ten 
miles east of Knoxville at Shook’s gap through Bay’s Mountain 
where the section is similar to that west of Cleveland. The 
same sequence of Middle Cambrian faunas was found in the 
Knox sandstone and the superjacent shales immediately north 
of Knoxville. Types of this fauna also occur in the Rome 
sandstone series at Rome, Georgia, and in the limestones and 
shales of the Coosa series, in Coosa Valley, north and south of 
Cedar Bluff, Alabama. 

After returning from the field and when studying the faunas 
from the Tennessee and Coosa Valley sections, great doubt 
arose as to the correctness of placing the Coosa shales beneath 
the Rome sandstone in the stratigraphic section.* 

Dr. Cooper Curtice who had studied the formations of the 
Coosa Valley, when collecting for the U. 8. Geological Sur- 
vey in 1885, was instructed to re-examine the sections of the 
Coosa Valley and those to the south, in Alabama. This expe- 
dition resulted in the discovery of the Olenellus fauna in the 
shale in the vicinity of Montevallo, Alabama, and in obtaining 
evidence showing that the greater portion of the Coosa shales 
and limestones of the Coosa Valley were above the Rome 
sandstone series. 

The data obtained during the field season enable me to cor 
relate and bring into their proper stratigraphic position the 
collections that have been made by geologists and for the U.S. 
Geological Survey from the Cambrian rocks of the Southern 
Appalachians, and to establish the fact that during Middle 
Cambrian time there was a great deposition of sediments that 
now form a series of shales and limestones nearly 3,000 feet in 
thickness. The Lower Cambrian is represented by the lower 
portions of the Rome sandstone, the limestone immediately 
subjacent and the series of variegated arenaceous and argilla- 
ceous shales forming the base of the series. A study of the 
fauna shows that the typical Upper Cambrian fauna of the 
Adirondack region of New York and the upper Mississippi 
Valley area of Wisconsin and Minnesota, has not yet been 

*The Overthrust Faults of the Southern Appalachians. Bull. Geol. Soc 
America, vol. ii, February, 1891, p. 143, pl. 3; also, Bull. U. S. Geol. Survey, No 
81, 1891, p. 304. 
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found in the Appalachian region south of New York. In the 
central eastern Tennessee section the upper limit of the Mid- 
dle Cambrian fauna is in a shaly band, not fifty feet below the 
cherty beds of the Knox dolomites which usually have been 
referred to the Lower Silurian (Ordovician). The recent dis- 
covery by Mr. M. R. Campbell of the typical Calciferous fauna 
of the New York section at an horizon 2000 feet up from the 
base of the dolomites negatives this reference and indicates 
that the Upper Cambrian in Tennessee is represented by the 
lower 2000 feet of the Knox dolomites in the southern por- 
tion of the Appalachian trough. In the vicinity of Rutland, 
Vermont, the upper portion of the Lower Cambrian and all of 
the Middle and Upper Cambrian, if present, are included in 
the dolomites and marbles above the “ granular quartzite ” and 
it is probable that the lower portion of the great limestone 
belt of Pennsylvania and Virginia is of Cambrian age. 

The sediments of the massive quartzites of the Lower Cam- 
brian that extend from Northern Vermont to Alabaina, along 
the line of the eastern margin of the Cambrian paleo-Appa- 
lachian sea were evidently accumulated near the shore. At 
Baleony Falls, Virginia and Chilhowee Mountain,* Tennessee, 
the Olenellus fauna oceurs in connection with the series, and 
it appears to be a fair inference that while the sandstones of 
Chilhowee, ete., were being deposited in the vicinity of the 
shore line the variegated shales and limestones of the Lower 
Cambrian were being deposited farther off shore in the sea to 
the west. This sea was shallow and from the distribution of 
the Rome sandstone series the inference is that much of the 
sediment was derived from the west. The close of the epoch 
in which the coarse sand was deposited along the Virginia 
portion of the shore was abrupt and the immediately super- 
jacent deposits indicate a deepening of the sea. The Rome 
sandstone epoch was of relatively short duration although of 
wide geographic distribution in eastern Tennessee and northern 
Georgia and Alabama. 

The conditions which resulted in the deposition of the 
Knox dolomites during Upper Cambrian time in the southern 
portion of the Appalachian trough were probably connected 
with the orographic movement that gave rise to the more strik- 
ing phenomena in the northern portion of the Appalachian 
trough, and affected the deposition of the sediments over the 
interior of the continent. 

In the valley of the St. Lawrence, especially at Point Levis, 
opposite Quebec, a bed of conglomerate occurs on the south 
shore of the St. Lawrence below Point Levis and also on the 
south shore of the Island of Orleans. This conglomerate 


* Bull. U. S. Geol. Survey, No. 81, 1891, p. 302. 
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includes bowlders of limestone carrying the Lower Cambria 
fauna. It is from 1,500 to 2,000 feet below the conelomerati 
beds of Point Levis, which ear in the lower beds, lare 
bowlders ot li mest In Whiel 1 Middle and Upper ¢ a 
brian faunas occur. By the fossils contained in the matrix 
the upper conglomerate sei known that it is of Low 
Ordovician age, and fr this it is inferred that the low 
conglomerate, earrying the Lower Cambrian fauna, oceurs i} 
strata corresponding Upper Cambrian zone. The pres 
ence of these bowlde1 cong merates of Upp r ¢ ‘ambrian aly 
Lower Ordovician avy proves that an orographic movement 
occurred in the valley of the St. Lawrenee by which tl 
Lower Cambrian and later Cambrian limestone were elevated 
and formed a portion of the shore line during Middle, lat 
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this was accompanied by the formation of conglomerates of 
the older Cambrian rocks in the \ alley of the St. Lawrence: 
and by a great de ‘position ol liments of later Cambrian 
time in the Southern A ppalae hian region. In a paper soon to 
be published by Mr. Arthur Keith of the U.S. Geologic 


Survey evidence will be pres nted of an orographie movement 
in Eastern Tennessee during this period. 

The fauna of later Middle Cambrian time, in Tennessee. 
Georgia and Alabama. is essentially the same as that of the 
basal Cambrian deposits about the Adirondack Mountains, the 
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cephalus) Chippewensis = P.(L.) minor, Amphion matutina, 
and Algraulos thea. 

The line of demarcation between the Upper and Middle 
Cambrian in Wisconsin is drawn between the beds carrying 
the preceding fauna and the superjacent strata. These two 
horizons also occur in the Potsdam sandstone about the Adi- 
rondack Mountains and in the Cambrian section of the Llano 
Hills of Texas. 

It was not until after the recent work in the Cambrian of 
Tennessee, Alabama and Georgia and an extended comparison 
of the faunas with those of the Upper Mississippi Valley was 
made, that the line of demareation between the Middle Cam- 
brian and Upper Cambrian was drawn. The reasons for this 
will be more fully presented in a memoir now being prepared 
upon the Middle Cambrian rocks and faunas. 

In this preliminary study I had the use of the unpublished 
geologic maps of eastern Tennessee that have been prepared 
by the Appalachian Division of the Geological Survey, and 
Mr. Bailey Willis gave me great assistance by placing at my 
service his extensive knowledge of the country and its geol- 
ogy. It is anticipated that the work on the Cambrian rocks 
and fossils will be continued in the Appalachians during the 
field season of 1592. 


ART. VIL—Synthesis of the minerals Crocoite and Phw- 
nicochroite ; by C. LupEKING, Ph.D. 


THE synthesis of Crocoite and Phcenicochroite may be accom- 
plished by exposing for several months to the air a solution of 
lead chromate in caustic potash in a flat dish or plate. It is 
possible thus to obtain a mixture of the erystals of the two. 
Without any difficulty whatever the individual erystals can be 
picked out separately by means of a pincette and obtained in a 
state for analysis. 

The following are the analytical results obtained : 


Found, Calculated, 
Crocoite. Pb 63°9 64°04 + 
CrO. 35°2 30'°96— 
99°] 
Found. Calculated. 
Pheenicochroite. Pb 
CrO, 25°9 26°73 + 


It appears therefore from this showing that the chemical 
composition of the artificial crystals approximates quite closely 
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to the calculated values. Rather strong solutions of caustic 
potash should be used and much precipitated lead chromat: 
dissolved. 

The crystals obtained are rather small, but can readily be 
studied by means of a lens, or better, a microscope. They 
show many modifications of the primitive form, as do also the 
natural crystals. 

I was able to obtain by the same method erystals of (2PbO) 
(H,O), by exposing to the air for several months a saturated 
solution of litharge in caustic potash.* 

It was intended to produce by this means cerussite. The re- 
action is of course quite clear. The carbon dioxide of the air 
acting upon the alkali converts it into carbonate which is not 
a solvent for PbO. Consequently this latter very slowly sep- 
arates out as a crystalline hydrate, being slightly soluble itself, 
a necessary condition for crystallization. 

So likewise the solution of PbCrO, in KOH on exposure to 
the air yielded crystals of crocoite and of phenicochroite. 
The formation of the former is due simply to the slow abstrac- 
tion of the solvent by the carbon dioxide of the air. The 
formation of the latter, the phcoenicochroite, is on the contrary 
effected by another reaction, a portion of the chromic acid 
being appropriated by the KOH. The lead being thus de- 
prived of the normal quantity of chromic acid, a basic com- 
pound, pheenicochroite, is formed. 

On reflection it seemed that it might be possible to obtain 
each of these minerals alone instead of in mixture as above. 

By using a large excess of very strong solution of KOH, 
pheenicochroite only was formed, or rather only very little 
crocoite. When on the contrary much PbCrQ, is dissolved 
and in addition K,CrO, is added to the KOH solution, crocoite 
alone is formed. I need not enter upon an explanation of 
these phenomena as they are almost self-evident. I shall now 
briefly describe the minerals obtained. 

The PbCrO, crystals are oblique rhombie prisms with raany 
modifications. The fracture is uncertain; luster adamantine ; 
color hyacinth-red. They are stable in the air. The pheenico- 
chroite crystals are tabular, of resinous luster, of cochineal 
color and appear to be orthorhombic. They, like the natural 
erystals have but little stability and soon change to a light yel- 
low powder on exposure. 

At Beresowsk, crocoite and phcenicochroite are associated. 
It is not impossible that they were formed also by the action 
of the carbon dioxide of the air upon an alkaline solution of 
PbCrO,, as in my first experiment. 


* Amer. Chem. Journ., vol. xiii, p. 120. 
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Art. VIIL—A J/lint with respect to the Origin of Terraces 
in Glaciated Regions ; by Ratpu S. Tarr. 


THE exact method of formation of terraces in rivers flooded 
by the melting of the ice sheet, such rivers for instance as the 
Connecticut, does not appear to be definitely agreed upon by 
geologists. By some they are supposed to mark recent erosion 
in a drift-filled valley. That 1s, the supposition is that the 
glacially fed rivers were overloaded and actually built up their 
beds to the height of the higher terraces, and in this exten- 
sive deposit the present terraced valley has been carved. The 
other important theory is that the terraces mark high stages of 
floods—that they are flood plains at various stages of flooding. 

It is not my purpose to enter into the subject in a critical 
manner and state the reasons pro and con which have been 
advanced by the advocates of these theories, but, rather, to 
record some observations in an entirely different region where 
the terraces of glaciated regions are being imitated, ‘and where 
the general conditions are quite similar to those attending the 
formation of the terraces in glacial regions, as I understand 
those conditions. I refer to the \ valley of the Colorado in 
Central Texas. 

The river is here superimposed upon a hard Silurian barrier 
which is effectually retarding its downcutting although the 
river is still well above base level. One of the effects of this 
retardation of development on the region upstream from the 
barrier is that a temporary base level is produced and the Colo- 
rado itself and the side stream are for a certain distance actu- 
ally building up their beds. The effect of the barrier is thus 
felt fur forty or fifty miles; but above this, the flow is rapid 
and the river is degrading its channel. Along the entire 
course the side streams are rapidly at work, and from these 
two sources much sediment is being furnished. Owing to the 
many soft beds of Cretaceous, Permian and Carboniferous 
through which these streams are flowing the amount of sedi- 
ment supply is very great. 

Another point of importance in this connection is the pecu- 
liarity of rainfall. The immediate region is sub-humid, the 
extreme head waters are in a truly arid region. Consequently, 
the water supply, during a great part of the year, is small in 
amount; but heavy rains, which are of annual occurrence, 
and often of greater frequency, bring to the river vast floods 
of water which the ordinary channel is totally unable to hold. 
Almost the entire rainfall has to be carried off; for the barren 
soil holds but little, and the violence of the rain speedily forms 


it into rills and rivulets even where no drainage lines prey 
ously existed. While this is written chietls with reference t 
the arid headwaters it ipplies almost equally to all the stream 
even those in the sub-humid belt. These tributaries dur:n¢ 
the greater part of the year consist of a few pools, often iso 
lated, sometimes connected by a slowly trickling stream. Th 
pools are enclosed common \ in bars or delta Dars in the streal 
channel, formed during flood times, and the violence of thes 
tloods is attested by the presence of drift wood lodged 
the pecan trees many feet above the low water stage of tly 
stream. In the Colorado these are sometimes at 
ot tifty feet above the low wate surtaee. 

If | am not mistake n, we have here all the essential eondi 
tions which were present at the time of the formation of th 
terrace deposits at the close of the Glacial period. There is 
slope so moderate that the excessive sediment load cannot ly 
transported, and the greatest excess of sediment comes at times 


| 


of great tlood, for the sudden dow1 pour of water upon the ar 


ali e€ievatiol) 


There are, to the pectiilarities OF rainfall, periods 
extreme high water and of extreme low water. and also oGcea 
sional irregular peri 


plains carries along to the streams a vast bulk of sediment 


of moderate rise. In the elacial 
regions the south-tlowing stream had a moderate slope, pr | 


bly less slope than at present, Vast quantities of sediment 
were furnished not alone by the supply from the ice itself but 
also from the beatina of thi rain and the washing action Oo! 
the melting snows upon the barren soil recently uncovered 
from beneath the ice and as yet unclothed by vegetation. In 
the summer, excessive floods must have been furnished by th 
welting of the ice; in the winter the water flow was at 
minimum ; and in the spring and autumn, when the melting 
was moderate and somewhat spasmodic, floods of medium 
height oceurred. 

The parallel] of conditions seems ilmost exact let us see how 
the results coincide. In the Colorado the ereat tloods rise 
forty and fifty feet and spread out over broad tlood-plains on 
either side, and these flood plains are of fine silt, well strati 
fied. This is the upper flood-plain terrace. In this flood 
plain a broad channel is carved. which, in moderate floods. is 
either partly or completely filled by the water. It is however 
a double channel, for in it, either on one side or on the other. 
or even in the middle, the re isa smaller ehannel ab uo half its 
width and this is the ordinary ehannel, —the one in which 
water is always to be found. So, rising from this inner chan- 
nel, one comes to a terrace which is formed by the moderate 
floods and whieh is alw ys present on one side, sometimes o1 


both. It is in general more sandy than the other or uppe 
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terrace first mentioned, which is reached by a steep ascent of 
fifteen or twenty feet. 

Nor are these two terraces the only ones. Above the upper 
flood plain terrace is a third or still higher one which is much 
less distinct and more irregular and coarser in composition. It 
is formed by the wash of material from the bordering hill-side 
and the detritus brought in by the side streams. This, in the 
case of exceptionally high floods, is partly worked over so as 
to form an indistinct upper terrace. 

I ask any student of the subject if this is not a deseription 
which would apply almost equally well to terraces in glacial 
regions. As I know the terraces of the Connecticut, there are 
one or two lower terraces sometimes present on one, sometimes 
on both sides of the river. Above these is a higher, broader, 
tlood plain terrace, often of great breadth, and frequently ex- 
tending over low divides,—just such a terrace as would be 
expected from a great flood which the ordinary river was 
absolutely unable to take care of. Still above this is an upper 
terrace, irregular in distribution, and in form, often of a coarse 
nature, and particularly so below the mouths of side streams 
where it is delta-like in form. This is a terrace comparable, on 
a larger and more perfectly developed scale, with the upper- 
most terrace of similar origin in the Colorado. 

When I saw the terraces of the Colorado two years ago I 
was immediately impressed with the resemblance to the terraces 
of the Connecticut both in form and in eause, the difference 
being only in the source of the floods. Later I have examined 
the Connecticut terraces in Massachusetts with this resemblance 
in mind and it is so striking that I desire to put it on record, 
and to call attention to the fact that terraces are being formed 
on a smaller though not by any means an insignificant scale, 
which imitate the terraces of glacial regions in form and in 
general cause. In the one case the floods and sediment supply 
arise chiefly from the climatic accident of desiccation, while in 
the other they are the result of glacial accident. Otherwise 
the resemblance seems to be quite perfect. 
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ART. LX the Oceurre of a Vuartz Bowlder in thi 
Sharon Coal of Vortheastern Ohio + by EDWARD ORTON. 


It is well known that bowlders, r: inging in size from a few 
cubic inches to several cubic feet, are occas ionally met with in 
coal seams, buried partially or e sales ly in the substance of the 
coal. Facts of this sort have been re ported both in this country 
and in England. The State of Ohio has furnished the largest 
number, if not all, of the cases re ported in this country. In 
England, Mark Stirrup, Esq., Hon. Secretary of the Manchester 
Geological Society, has reported in the Transactions of this 
Society a number of such occurrences, all derived from mines 
in the neighborhood of Manchester. 

The Ohio examples that have been hitherto put on record 
are without exception, so far as my observation goes, composed 
of gray quartzite, presenting the appearance of pretty thor- 
oughly metamorphosed sandstones. By correspondence and 
comparison of specimens with Mr. Stirrup, I learn that the 
English bowlders of the coal agree ve ry closely with ours in 
composition and general character. 

All of these bowlders are well rounded and some that I have 
seen show remarkably smooth surfaces which suggest-the pol- 
ish due to glacier action rather than the abrading agency of 
water in motion. hives d we always partially covered with 
closely adhering coal, whic sh shows more or less of the striated 
structure known as slickensides. 

The Ohio bowl le TS have all been de rived from a single coal 
seam, viz: the Middle Kittanning seam of our scale, and thus 
far, only from the western boundary of this seam, in Perry and 
Vinton counties. Furthermore, a single mine in the last 
named county, viz: the main mine at Zaleski, has furnished 
thus far all the specimens. According to the testimony of the 
superintendent and miners, scores of these bowlders have 
sometimes been found in working out asingle room. The 
tirst example in Ohio was recorded by the ls te Prof. E. B. 
Andrews (Geol, Survey of Ohio, Rept. of Progress, 1870, p. 
78. } This bowl le rr came from the , mine named above. 

sy far the largest of this class of bowlders thus far known 
vas found buried in the e al of the same seams at Shawnee, 
Perry Co., in 1876. The seam was normal above it and also 
below. The weight of this bowlder is not less than 400 lbs. 
It is preserved in the geological museum of the State Uni- 
versity at Columbus 

A new example of f the se bowlders of the coal has lately been 
brought to light that differs so much from the examples pre- 
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viously reported that it deserves brief mention. It was found 
in the Marshall Mine of Mineral Ridge, Mahoning county, by 
Mr. F. C. Goff, of Cleveland, who is extensively engaged in 
mining and shipping coal, and it was removed from its bed by 
his own hands. The thickness of the coal seam is three feet 
and the bowlder lay two feet below the top. The seam was 
in no wise disturbed in its structure by the presence of the 
bowlder. The weight of the block in its present condition, 
after the removal of a few small fragments, is 10 lbs. 10 oz. 
It measures about eight inches in its longest dimension. The 
coal is very closely welded to it over part of its surface and it 
shows the usual slichensided appearance. 

The noteworthy points in regard to this bowlder are the 
following, viz: (1) It is the first so far as I know that has 
been reported from this coal seam, viz: the Sharon Seam or 
the lowest coal of the Conglomerate Coal Measures of Pennsyl- 
vania and Ohio. (2) It is not a metamorphic sandstone or 
quartzite, like those previously named, but is an excellent ex- 
ample of vein quartz. (3) It has not been worn or shaped in 
any way by either water or glacial action, but is angular as if 
freshly broken from the parent mass. 

No full and satisfactory explanation of this line of facts has 
yet been advanced. The quartzite above named could perhaps 
be accounted for without referring them in origin to the meta- 
morphic rocks of the older regions of the continent. May not 
an ordinary sandstone pebble or bowlder of the Coal Measures 
have been converted into a quartzite by the solution of a por- 
tion of its silica through the agency of the organie acids that 
accompanied the formation of coal. But like the white quartz 
pebbles of the great Sharon Conglomerate that underlies this 
coal seam, the bowlder here described must be referred to the 
ledges of the eastern or northern mountain borders of the 
continent as it then existed. The pebbles of the conglomer- 
ate never exceed a few ounces in weight and their rounded 
forms and smooth surfaces bear witness to an immense amount 
of abrasion before they reached their present resting places ; 
but the bowlder in question, with its weight of 11 lbs. and its 
sharp and unworn edges and with its anomalous location, cer- 
tainly shows a very different history. 


Columbus, Ohio, May 13th, 1892. 
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ArT. X.—A Method of Increasing the Range of the ( 
lary Electrometer ; by JouN WHItTMoRE. 


[Contributions from t L rator fj Colle 


THE value of the ca} illary electrometer as an instrument 
scientific research is now gen¢ rally recognized, and its applic 
tions are becoming more numerous, both as an extremely ck 
sate test for small electromotive forees and also, as recent} 
pointed out by Bureh,* ) 
differences of potenti l. In view of these facts it is desirab] 
that the range of this instrument be increased. 

The characteristic curve of Lippmann’s electrometer js 
slightly different from a straight line tor electromotive forces 
from 0:00 to 0-45 volt, and consequently the instrument 
most applicable to the measurement of potential-differences 
not exceeding 0°50 volt. although the direct measurements may 


as a means of studving Variations 


be carried to about 1:00 volt, since 1:20 volts are required 
produce continuous electrolysis in the instrument. The folloy 
ing experiments were undertaken in order to determine, if thy 
range of the electrometer could be increased by arranging cells 
in series. 

If a capillary tube is filled with alternate globules of mercury 
and dilute sulphuric acid, the difference of potential which can 
be maintained between the extremities of the series increases 
proportionally with the number of globules of mereury. Thus 
with three globules, this difference of potential is about three 
volts. If the terminals of the apparatus are connected with 
the poles of a battery, the globules immediately begin to move 
along the tube, and the motion continues until the opposing 
force produced by the polarization of the elobules of mercurs 
causes the electric current to cease. The extent of the move- 
ment of the globules increases with the electromotive force. 

Since the end of each of the globules nearer the negative 
pole of the system, recelves oxygen polarization and the other 
hydrogen polarization, one surface of the mercury is speedily 
oxidized. Such an oxidation causes the movement of the 
globules to become irregular, and prevents an accurate measure- 
ment of electromotive force. In Lippmann’s electrometer, the 
surface of the mereury, which receives oxygen polarization, is 
about ten thousand times greater than that upon which hydro- 
gen is accumulated, and by this means the surface density of 
the oxygen is diminished in the same ratio, and hence also the 
oxidation is decreased. 

In order, therefore, to obtain a similar relation between the 


* Proc. Roy. Soc. of London, vol. xlviii, p. 89. 
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surfaces of the mercury, thistle tubes of the following descrip- 
tion were prepared. The larger part, by the head of the thistle, 
had a diameter of about two centimeters, while the stem had 
a capillary bore of 0°6 millimeter. The tubes were so bent, 
that each was U-shaped. The lower portion of the tubes was 
filled with pure mereury, and the upper part with dilute sul- 
phuric acid. The electric connections were so made, that the 
larger surfaces of the mercury received oxygen polarization. 

By reason of the described arrangement, a difference of 
potential between the terminals of a cell causes the mercury 
column in the vertical portion of the capiliary tube to descend, 
and this depression is easily measured. Hence cells thus con- 
structed may be used singly as electrometers; and when joined 
in series, they form a convenient apparatus for the proposed 
investigation. 

As a means of obtaining any desired fraction of the electro- 
motive force of a Daniell cell, a standard box of high resist- 
ances and a few Daniell cells were arranged in series. Then 
the terminals of the electrometer were connected by movable 
contact pieces to the resistance box so that, as different resist- 
ances were inserted between the contact pieces, the electro- 
motive force to which the electrometer was subjected was pro- 
portionally varied. During the course of the investigation, 
curves showing the relation between the deflection and the 
electromotive force were carefully drawn. 

When two electrometer-cells of the form already described, 
were placed in series, the curve deviated but slightly from a 
straight line for electromotive forces from 0:0 to 0-9. volt. 
However as the electromotive force is made to exceed this, the 
deflections increase more slowly, and the entire curve when plot- 
ted was found to be of the well known form described by Lipp- 
mann. It is to be noted, however, if curves be drawn for a 
single cell and for two cells in series, that although the curves 
have the same form, the electromotive forces correspond- 
ing to any portion of the second curve are twice as great as 
those of the similar portion of the first curve. With three 
cells in series, the curve did not depart greatly from a straight 
line, until the difference of potential was about 1°35 volts, then 
the curve rapidly flattened and reached its maximum at about 
2°7 volts. 

These experiments show that the electromotive force is cut 
down by each additional cell, and hence that a series-electrom- 
eter may be thus constructed, which will conveniently meas- 
ure the electromotive force of the single cells ordinarily used 
in the laboratory. 

In order to discover how the total electromotive force, to 
which the electrometer is subjected, divides itself among the 
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several cells, the difference of potential at the terminals of 
each of the three cells of a series was measured by means of 
Thomson’s quadrant electrometer. It was thus observed that 
the potential fell regularly along the series for the lower ele 
tromotive forces. For example, when the total difference of 
potential was 09 volt, at the terininals of the first cell it was 0° 
and between the first and second 06 volt. The distribution of 
the potential among the different cells was less uniform afte; 
a total electromotive foree of 1:2 volts was exceeded. This 
was possibly due to electrolytic conduction which occurred in 
the apparatus. Moreover the caliber of each of the « sapill ry 
tubes was not exactly uniform himadhaed the entire leneth of 
the tube. Thus, these measurements clearly inc licate, that 
with precisely similar cells, the fall of pote tial in each cell of 
the series is the same. 

It was next sought to put the apparatus in a convenient 
form. Since it seemed desirable to dispense with the use of 
the cathetometer in reading the deflections of the mercury 
columns in order that the reading might be obtained more 
quickly, experiments were made with cells in which a smal! 
electromotive force produced a large deflection of the mere ury 
columns. This is notal ly the case in the electrometer used by 
Pratt,* in which the capillary tube is placed nearly horizontal 
and its inclination, and hence also the sensitiveness of the 
instrument, can be varied at will. Thus the mere ury column 
ean be caused to move over a space of a centimeter for a dif- 
ference of potential of 0°1 volt, and hence a deflection corre- 
sponding to a thousandth of a volt can be eas sily read directly 
on a seale placed behind the moving column. 

Accordingly three cells of this form were joined in series 
and a difference of potential was maintained between the ter- 
minals of the series. It was found, however. that ve ry often, 
when the electromotive force was ap plied, the mercury col- 
umns of the three cells, instead of moving together 7 one 
direction until the positions of equilibrium were reached, began 
a remarkable seesawing, the mere ury column of one cell ad- 
vancing while those of the other ce lls retreated. This balanc- 
ing continued through a considerable interval of time. since. 
as ‘the positions of equilibrium were approached the vibrations 
were very slow. Mori over a given electromotive force at 
different times caused the mere ury columns of the several cells 
to arrange themselves differe ntly, so that no measurement of 
electromotive force could be made by observing a single cell 
of the series. However, when simultaneous readings of the 
three cells were made, and the curves drawn. though these 
curves were irregular in form, yet the mean of the three eurves 
was of the normal type. 


* Thi 
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It was learned by means of a series of experiments that 
this irregular movement was in great measure caused by a dif- 
ference in the capacity and sensitiveness of the different cells. 
For when cells of the same capacity were adjusted to the same 
sensitiveness and joined in series, the columns moved together 
without seesawing. The difficulty of preparing cells of pre- 
cisely the same ‘capacity and of adjusting them to the same 
sensitiveness is a serious objection to the employment of cells 
of this kind. Hence the electrometer composed of cells in 
which the movement of the mercury columns takes place in a 
vertical tube seemed on the whole more advantageous. 

Several different forms were tried. One arrangement con- 
sisted of three conical tubes each drawn to a very fine bore. 
These were placed one above the other the capillary stem of 
each containing mercury and dipping into the acid of the next 
lower cell. The electrometer in this form is somewhat diff- 
cult to fill, and its action uncertain, owing to the formation 
of bubbles of gas in the capillary tubes. 

To cause the movement of the mercury in all the cells to be 
simultaneous, and of the same extent, as well as to secure 
compactness and better insulation. the form, represented in 
fig. 1, was finally adopted. 

A series of bulbs was blown, spaced at equal intervals along 
a capillary tube, the diameter of the bulbs being two centime- 
ters, that of the tube 0°6 of 
a millimeter. Then. the 
tube was so bent, that the 
whole contained as many U- 
shaped parts as there were 
cells. One arm of each U 
was provided with a_ bulb 
which was situated at a dis- 
tance of two-thirds 
height of the U from the 
base. The apparatus was 
easily filled by connecting it with an aspirator and drawing 
in sufficient pure mercury to half fill each bulb. Then by the 
same means dilute sulphuric acid was added until the capillary 
tubes and the upper portion of the bulbs were filled and all air 
bubbles excluded. Previous to the filling of the instrument, a 
solution of pure sulphuric acid and distilled water, consisting of 
four volumes of water to one of acid, was prepared, and allowed 
to stand until all the bubbles of gas formed by the mixture had 
disappeared. This was afterwards diluted, if necessary, with 
distilled water to the proper proportion. 

The operation of filling the electrometer was greatly facili- 
tated by having the tube which entered the upper part of the 
last bulb of the series of much greater caliber than that of the 
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others. In the instrument which was used, this tube had 
diameter of about a centimeter, and its extremity was curv: 
so that the terminal portion was at right angles to the vertic 
portion. Platinum wires were used as electrodes in the usu 
manner. 

As Lippmann has noted, the electrometer acquires a chare 
during the operation of filling, and therefore the instrume: 
should be short-cire — for an hour or more before using s 
that the charge may be wholly dissipate od, and the mercury co! 
umns stand at their true zero position. After the instrument 
had been filled in the manner above described, it was firmly 
mounted and ato »d on a pier before the cathetometer. Then 
the curve showing the relation between the deflections was 
constructed. Thus the deflections of the mercury column fo: 
electromotive forces varying from zero to that of three Daniell 
cells were observed on the cathetometer scale in hundredths of 
a millimeter, the readings being taken for electromotive forces 
differing from each other by 0°1 of that of a Daniell cell. 

From this curve the absolute value of the electromotive 
foree corresponding to any deflection can be determined by 
taking the deflection produced by a standard Clark cell as | 
means of comparison. For example, it was found that the 
electromotive force of the Clark standard was 1°360 times 
that of a Daniell cell, and hence the electromotive force of 
the Daniell cell was 1°051 volts. Accordingly, when the 
curve, or empirical graduation of the instrument has been 
made, the voltage of other cells can be obtained immediately 
and with great facility. The curve gives directly the value of 
the cell in terms of the Daniell cell, and hence as shown above. 
the absolute value of the Daniell cell having been determined, 
that of the cell which was to be measured, is calculated by 
simple proportion. 

It is noteworthy, that not only is this electrometer valuable 
as a means of quickly comparing ae electromotive forces, but 
that a high degree of accuracy is attainable in this comparison. 
Thus a number of cells, which had been stand: ng in the labo- 
ratory were measured with the capillary electrometer and 
immediately afterward the absolute values found by the com- 
pensation method. 

This method of meas- 
urement is shown in the 


annexed diagram, fig. 2. Bal [i fi or | 
Thomson’s electric bal- 
ance gave the value of Ok HR 
the strength of current. (6-4! 


The following table 
exhibits the results of G, Galvanometer. R, R, Resistance Boxes. 


the measurements. C, Cell tested K, Key. 


the Leange of the Capillary Electrometer. 


Thomson's Balance Capillary 
Cell. Method. electrometer. 
Silver Chloride .... 1°020 volts. 1025 volts. 
Dry Cell 446 1-440 
Leclanché “45% 1458 “ 
Daniell 1081 * 


The deflection produced by the Daniell cell was 2°59"™ while 
the standard Clark cell moved the mereury column 3:20", 

Thus it is seen, that even with a cathetometer reading only 
to hundredths of a millimeter and having a telescope of low 
magnifying power, values correct to one-half of one per cent 
may be obtained. 

he mercury columns of the electrometer move almost 
instantaneously to the position of equilibrium, and the exact- 
ness with which measurements may be made depends chiefly 
upon the magnifying power of the telescope of the cathetom- 
eter, and the precision with which its scale is graduated. It 
is doubtless possible to determine with this electrometer, the 
electromotive force of a cell correctly to 0-001 of a volt. 

The accuracy with which measurements may be made may 
be increased somewhat by increasing the number of cells which 
are used in series. When four cells are employed the part of 
the curve corresponding to electromotive forces, which are in 
the neighborhood of 1% volts, is very nearly a straight line, 
and the curve ascends more rapidly than that characteristic of 
three cells. Hence a change in the deflection produced by : 
small variation in the electromotive force is more readily ob- 
served. 

There is another advantage in using more cells than seem to 
be absolutely necessary. If the electrometer is used repeatedly 
to measure electromotive forces which are nearly equal to that 
which produces continuous electrolysis, the curve of the instru- 
ment is less constant from day to day, so that if great accuracy 
is wished for the curve should be redetermined. 

If after long continued use it becomes desirable to refill the 
instrument, it is easily accomplished; since ordinarily the 
mercury need not be replaced, but can be sufficiently cleansed 
by drawing some acid of the standard solution through the 
electrometer by the aid of the aspirator. 

The results of this investigation may be briefly stated as 
follows: The arrangement of capillary cells in series does not 
alter essentially their behavior, when they are subjected to an 
electromotive force. Hence, in each cell of a series of like 
cells, the fall of potential is the same. Moreover, when a cur. 
rent of electricity passes through this apparatus, the displace- 
ment of the mereury columns varies with the electromotive 
force, according to the same law as in a single cell, so that the 
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curve showing the relation between the deflections and thx 
electromotive force for any cell of the series is of the well 
known form. Accordingly, by means of cells of proper con 
struction, a simple and accurate series-electrometer may | 
made ; such, also, that its range may be increased by increasing 
the number of component cells. 

These experimeuts were made in the Sloane Laboratory ot 
Yale College, at the suggestion and under the direction of 
Prof. A. W. Wright, to whom I express my thanks, for his 
assistance and kindly encouragement. 


June 1, 1892. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND 


1. On the Luminosity of Coal Gas Flames.—An investigation 
has recently been made by Lewes as to the causes of the lumin- 
osity in the flame of ordinary coal gas Previous researches have 
proved beyond question the presence of solid particles in a lumin- 
ous flame ; leaving the mode of decomposition by which they are 
set free, for subsequent determination. Figures, obtained by the 
analysis of the flame gases taken at different heights, show that 
the hydrogen in the gas burns first, and that the saturated hydro- 
carbons also undergo a rapid decrease in quantity ; while the 
unsaturated hydrocarbons diminish only very slowly until the 
top of the inner non-luminous zone has been reached, after which 
they quickly disappear. Carbon monoxide also increases largely 
up to the top of the luminous cone. Evidently this slow decrease 
of the unsaturated hydrocarbons in the inner zone suggests that 
the luminosity is due to these compounds, and especially to acet- 
ylene. Experiment showed that in the interior of the luminous 
tlame the hydrocarbons begin at once to undergo decomposition 
giving rise to acetylene which constitutes over 70 per cent of the 
unsaturated hydrocarbons present at the top of the inner non- 
luminous zone. By means of a thermo couple it was found that 
in a flat flame consuming 7 cu. ft. of gas per hour, the temperature 
at a half inch from the burner was 500° and at the commencement 
of luminosity at the apex 1267°; while that at the center was 
1014° rising to 1216° at the luminous edges. In the center of the 


luminous portion the temperature was 1166°, while at the top of 


the flame it was a maximum 1368°. Evidently then in the innet 
non-luminous zone, the hydrocarbons heated up by the combus- 
tion of the hydrogen and some of the methane, undergo certain 
changes which result in their conversion into acetylene; and this 
being an endothermic compound, breaks up when a sufficient 
temperature is attained. Owing however to the diluting action 


Chemistry and Physics. 


of the nitrogen and other flame gases this does not take place 
antil the top of the won-luminous zone is reached, where at a tem- 
perature of a little over 1000° the decomposition occurs with an 
increase of temperature, and the liberated carbon, being heated to 
incandescence, gives the luminosity to the flame. The author 
divides the flame into three zones. In the inner zone the tempera- 
ture rises to 1000° to 1100° at the apex, and here the gaseous con- 
stituents undergo various decompositions culminating i in the pro- 
duction of acetylene, and some hydrogen and carbon monoxide. 
In the middle or luminous zone the temperature ranges from 1100° 
to 1300°, and here the acetylene formed in the inner zone is 
decomposed with the deposition of carbon, which at the moment 
of separation is heated to incandescence by its own combustion as 
well as by that of the hydrogen and carbon monoxide and so gives 
luminosity to the flame. In the outer zone the cooling and dilu- 
ting influence of the entering air render a thin layer} non-lumin- 
ous and finally extinguishes it. With reference to the loss of 
luminosity in the Bunsen flame the author attributes it: (1) to 
the chemical activity of the oxygen of the air which burns up the 
hydrocarbons before they can form acetylene; (2) to the diluting 
influence of the nitrogen which increases the temperature required 
to form acetylene; (3) to the cooling effect of the air introduced. 
—J. Chem. Soc., |xi, 322, April, 1892. G. F. B. 
2. On the measurement of Osmotic Pressure.—It is well 
known that the osmotic pressure of a salt solution calculated 
from the electrolytic dissociation formula of Arrhenius does not 
agree with that observed directly, but is always smaller. Thus 
for potassium nitrate, the osmotic pressure as observed by Pleffer 
in a solution containing 08 gram in 100 grams, is 1304"™, while 
that calculated is 2530, For a one per cent solution of potassium 
sulphate, the observed value is 1758"™, the calculated is 2480. 
TamMMANN has investigated the cause of this, and has pointed out 
the fact that it is due to the permeability of the membrane of 
copper ferrocyanide used in the experimental determinations. 
Obviously if this membrane is not perfectly impermeable to the 
salt employed (or to its ions) the observed osmotic pressure will 
be less than it really is. Flence by determining the rate at which 
the salt is diffused through the membrane a correction may be 
obtained for the observed values. Moreover, according to the 
author, the copper ferrocyanide membrane may be obtained in 
two distinct forms. The first of these when fresh is transparent, 
elastic and extremely thin and allows water to pass through it 
freely. The second is opaque, dark brown in color, only slightly 
elastic and much less permeable to water. his form is produced 
when the solutions of copper sulphate and potassium ferrocyanide 
remain in contact with each other for a long time on the sur- 
face of a porous tile. The presence of sodium sulphate in the 
copper sulphate solution facilitates its formation. For the best 
results the solutions should be more concentrated than those sug- 
gested by Pfeffer; say a normal solution of copper sulphate and 
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a one-third normal solution of potassium ferrocyanide. The 
author proposes a moditication of Pfeffer’s method of determining 
osmotic pressure. It is based on the fact that if two solutions 
having different osmotic pressures be placed on opposite sides of 
a semi-permeable membrane, water will flow through the mem- 
brane into the solution whose osmotic pressure is the higher; so 
that by applying external pressure till balance is attained, th: 
differential osmotic pressure is determined. The apparatus used 
is figured in the paper.—Zeitschr. physikal. Chem., ix, 97, Feb., 
1892. G. 
3. On the Coefficient of Molecular Depression of Phenol.— 
Two numbers have been given for the molecular depression-con- 
stant of soe one by Raoult, obtained with phenol of a melt- 
ing point 37°8°, by means of naphthalene, vamphor, benzoic acid 
and thymol, which has the value 67°5; the other by Eykmann, 
which is 76. JumLaRpD and Curcuop, using a synthetically pre- 
pared specimen of phenol having a melting point 41°2°, find that 
the molecular depression-constant varies with the dissolved sub- 
stance. Thus for example for water, 6-naphthol, paratoluidine, 
aniline, nitrobenzene, phthalic anhydride, diphenic anhydride, a- 
naphthylamine, amyl alcohol, ricinic acid and salol, they get the 
value 68°5; while for normal ethereal salts, especially those of 
dibasic acids such as me ‘thyl diphthalate, ethyl succino-succinate, 
ethyl malonate, ethyl succinate, ethyl aceto-acetate, the value ob- 
tained is 75°81. In their experiments the amount of depression was 
determined in a long-necked thick glass flask of 40-50° capacity, 
by noting the solidifying point of the phenol after the addition 
of the other substance.— Bull. Soc. Chem., Ill, vi, 237; J. Chem. 
Soc., Ixii, 555, May, 1892. G. F. B. 
4, On the determination of Vapor Density under Diminished 
Pressure.—Scuatt has devised a method of determining the 
density of a vapor under diminished pressure, based on the fact 
that when gas is evolved in a bulb uniformly heated, this bulb 
being provided with a manometer, the increase of pressure is 
independent of the point at which the gas is evolved and is 
exactly proportional to the amount of gas or vapor produced, 
provided the space shut-off by the manometer may be considered 
constant. It is a modification of the method already described 
in this Journal.* The bulb used is moderately thick, of about 
150° capacity, having two constrictions equidistant in its length 
to hinder the diffusion of the vapor into the neck, and provided 
with a lateral tube connected witli a manometer, and interme- 
diately with a bell jar for the evolution of carbon dioxide. For 
the method of using it and the calculation we must refer to the 
original paper.—/. prakt. Ch., II, xlv, 184, 1892. G. F. B. 
5. Jahrbuch der Chemie. Bericht tiber die wichtigsten’ Fort- 
schritte der reinen und angewandten Chemie, herausgegeben von 
Ricnarp Meyer, Braunschweig. I Jahrgang, 1891. 544 pp., 
8vo. Frankfurt a. M., 1892 (H. Bechhold).—This new Jahrbuch 


* This Journal, ITI, xl, 415, November, 1890. 
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is designed to present the thost important steps of progress in the 
various departments of chemistry for the past year. It differs 
from other publications of the kind, particularly the invaluable 
and long honored Jahresbericht der Chemie, in that it does not 
attempt an exhaustive treatment of the subject, but does give a 
well-selected digest, brief enough to be issued very promptly. 
This first volume was actually put on sale but a few months after 
the close of the year whose record it gives; this is a remarkable 
achievement and if this promptness can be maintained it will 
ensure the success of the work. The volume is divided into 
fourteen chapters written by nearly as many well-known authors 
most of whose names appear on the title page as regular co- 
editors. The following are subjects of some of the chapters : 
Physical Chemistry by W. Nernst, also Inorganic by G. Kriiss, 
Organic by C. A. Bischoff, Physiological by F. Réhmann, ete. ; 
on Metallurgy by E. F. Diirre, Technology of Carbohydrates and 
Fermentation processes by M. Mircker and L. Biihring, and of 
Fats by R. Bendedikt; Photography by J. M. Eder and E. 
Valenta. The book is handsomely printed and well bound in 
cloth. 

6. Chemical calculations with explanatory notes, problems and 
answers. Specially adapted for use in Colleges and Science 
Schools, by R. Luoyp with a preface by F. Cowes. 
100 pp. London and New York, 1892 (Longmans, Green & Co.) 
—This is a useful collection of well selected problems under the 
different departments of chemistry, accompanied by full explana- 
tions of the methods involved and the solution of typical cases ; 
the answers to the problems are given ina sapplementary chapter. 

7. Contributions to the knowledge of the discharge of the 
Ruhmkorff coil ; by Tom Mo11; translated from the Beibliitter 
zu den Annalen der Physik und Chemie, xv, No. 2, 1891.—From 
the older investigations on the nature and duration of induction 
currents the author gives a description of the methods and results 
of Nyland, Rood, Cazin, Mayer and Holtz. He himself employed 
a photographic method; an image of the spark was thrown by a 
small concave mirror on a rapidly revolving circular dise which 
carried a sheet of sensitive paper. The time of closing the pri- 
mary current and the velocity of rotation of the disc were regis- 
tered on a revolving cylinder, which also received the trace of a 
vibrating tuning-fork. A large induction coil was used, its length 
being 57°", its diameter 21™; the strength of the primary cur- 
rent was measured with a tangent compass. As a general thing 
the electrodes furnishing the spark were connected with a Leyden 
jar having an interior coating of about 772 square centimeters. 
The external resistance in the secondary circuit was always the 
same and quite small. 

By a study of the photographs thus produced the author ascer- 
tained the entire duration of the discharge, the intervals of time 
between the partial discharges and their mean, and this work was 
performed for sparks of various lengths, for primary currents of 
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different strength, for various capacities of the Leyden jar and 
for different forms of electrodes. 

It was found that as the length of the spark increases, th 
total duration diminishes, which is also the case with the numbe: 
of partial sparks composing it, but the interval-of time between 
the partial sparks increases. For long sparks the mean interval 
of time « between the partial sparks, was proportional to th« 
square root of the spark length, 4//. For short sparks, « appears 
to be greater than this law would demand; also the time-intervals 
between the two first partial discharges increase, as it appears, a 
little more rapidly than 4/7. When the length of the spark was 
made less than 0°75"" sparks were produced even on completing 
the primary circuit, but in this case the number of the partial 
discharges was much smaller and their mean distance apart 
greater, than when the circuit was broken. 

When the strength of the primary current was diminished the 
number of the partial discharges and the total duration were 
quickly curtailed, but the mean time-interval of the partial dis- 
charges stood in an inverse ratio to the current’s strength. This 
applies also to the value of the first time-interval. 

As the capacity of the Leyden jar was increased the discharge 
consisted of a series of partial sparks with increasing time-inter- 
vals. When the capacity was diminished the number of the 
partial sparks increased andthe discharge finally appeared partly 
continuous. Since this continuous light did not sufficiently affect 
the sensitive paper, the author made direct observations with a 
revolving mirror, and ascertained that the aureole was preceded 
by a few and followed by a greater number of partial sparks. 
As the capacity was made smaller, the number of these sparks 
was diminished, till finally the aureole formed the greatest part 
of the discharge. As long as the discharge was entirely disrup- 
tive, a diminution of the capacity diminished the time-interval 
between the partial sparks, but increased the total duration, For 
short sparks, however, the total duration appears to approach a 
constant quantity and to be independent of the capacity ; it is 
about 07023 see. 

As the electrodes were made more pointed the entire duration 
increased, also the number of the partial sparks, but the mean 
time-interval between them was diminished. When the electrodes 
were made very sharp, completion of the primary current pro- 
duced sparks, but their number was small. All the experiments 
show that the time-interval between the partial sparks increases 
toward the end of the discharge, the last interval often being twice 
as great as its predecessor. The author has expressed the rela- 
tion of the time-intervals, reckoning from the first partial spark, 
by an exponential function, and the agreement between ‘calcula- 
tion and observation is very good if the last three time-intervals 
are neglected, ou 

The results in their main features agree very well with the 
observations of Rood, but differ from the others to a degree that 
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is not insignificant. Mr. Moll studied the cause of these varia- 
tions, and repeated the work of Nyland, Mayer and Holtz with 
arrangements similar to those used by these investigators. It 
proved in all these experiments that the nature of the discharge 
was a little altered by the mode of observation itself, since in the 
experiments of Nyland and Mayer the spark struck through a 
sheet of paper, and in those of Holtz the spark itself was in rota- 
tion. From these defects the arrangement of Rood is free. 

If it is desired to give an explanation of the discharge of a 
Ruhmkorff inductorium, it is necessary at the outset to “decide 
whether the partial sparks are directed in the same way or not. 
Mr. Moll allowed the sparks to fall on a rotating dise of paper, 
the electrodes on either side of the paper being at slightly differ- 
ent distances from the center of the disc. The holes made by the 
sparks were always opposite one of these electrodes, consequently 
all the sparks have the same direction. 

Starting from this fact the author endeavors to explain the 
phenomena of the discharge by the assumption that the electricity 
cannot flow with sufficient rapidity to the electrodes, and that 
partial sparks are produced as soon as the difference of potential 
has reached a certain value, dependent on the distance of the 
electrodes apart, ete. The approximative statements which with 
the help of known facts one can easily deduce from these condi- 
tions, agree, as a whole, very well with the results previously 
found by experiment.—k. A. 

8. Photography in Colors—The Comptes Rendus for Feb- 
ruary, 1891, contained a note on color photography describing a 
method employed by M. G Lippmann, who had been able to pro- 
duce photographically the image of the spectrum with all its 
colors. M. G. Lirpmann has communicated further results to the 
Comptes Rendus for April 25 (No. 17, vol. exiv). The following 
is a translation of his last communication :—In the first communi- 
cation which I had the honor to make to the Academy on this 
subject, I stated that the sensitive films that I then employed 
failed in sensitiveness and isochromatism, and that these defects 
were the chief obstacle to the general application of the method 
that I suggested. Since then I have succeeded in improving the 
sensitive film, and, although much still remains to be done, the 
new results are sufficiently encouraging to permit me to place 
them before the Academy. 

On the albumen-bromide of silver films, rendered orthochromatic 
by azalin and cyanin, I have obtained very brilliant photographs 
of spectra. All the colors appear at once, even the red, without 
the interposition of colored screens, and after an exposure varying 
from five to thirty seconds. On two of these clichés it has been 
remarked that the colors seen by transmission are very plainly 
complementary to those that are seen by reflection. The theory 
shows that the complex colors that adorn natural objects ought 
to be photographed just the same as the simple colors of a spec- 
trum. The four clichés that I have the honor of submitting to 
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the Academy represent faithfully some object sufficiently diverse, 
a stained glass window of four colors, red, green, blue, yellow: 
a group of draperies; a plate of oranges, surmounted by a red 
poppy; a many-colored parrot. These show that the shape is 
represented simultaneously with the colors. The draperies and 
the bird required from five to ten minutes’ exposure to the electric 
light or the sun. The other objects were obtained after many 
hours of exposure to a diffuse light. The green of the foliage 
the gray of the stone of a building are perfectly reproduced on 
another cliché. The blue of the sky, on the contrary, was repre- 
sented as indigo. It remains then to perfect the orthochromatism 
of the plate, and to increase considerably its sensitiveness.”— 
Nature, May 5, 1892. J. T. 
9. Dispersion of the Ultra Red Rays.—At a meeting of the 
Physical Society in Berlin, March 11, Dr. Rusens discussed this 
subject. He had extended his observations from wave-length 
57 to wave-length 8u. The curves representing changes in 
index of refraction do not agree with Professor Langley’s views 
on this subject. To wave-length 5°34 Rubens’s curves coincide 
with those of Langley. But beyond this point the interpolations 
of Professor Langley do not agree with Rubens’s observations. 
a 
10. Electrical Resistance of the Human Body.—The frequent 
controversies which have taken place upon this subject, especially 
in relation to accidents from electrical currents, make a late paper 
by M. von Frey (Verh. d. X. Congr. f. innere Medizin, Wies- 
baden, 1891, p. 377) of considerable interest. The author em- 
ployed Kohlrausch’s method of determination of the electrical 
resistance of electolytes. The metric length in Kohlrausch’s ap- 
paratus was supplanted by a circularly formed channel, the ends 
of which were not joined. This channel was filled with a sul- 
phate of zinc solution. The conducting electrodes were greatly 
increased in size over those employed by Kohlrausch. With 
large electrodes suitably proportioned to the extent of surface of 
the wet hands, the resistance of the body from hand to hand was 
found to be small, 300 to 400 ohms. The author discusses the re- 
lation between the size of electrode and the resistance of the 
human skin. According to him the seat of the electric polariza- 
tion of the body is in the outer surface and layers of the skin.— 
Beibliitter Ann. der Physik und Chemie, No. 4, 1892, p. 217. 
5. 2. 


II. GroLoGcy AND MINERALOGY. 


1. The History of Voleanice Action in the Area of the British 
Isles, by Sir ARcHiBALD GeIKIE. Anniv. Address Geol. Soc. 
London, Feb. 19, 1892. 120 pp. 8vo.—This second part of Sir 
Archibald Geikie’s Memoir on volcanic action in the British 
Islands treats of the evidences of such action and the volcanic 
phenomena and rocks, in connection with the Old Red Sandstone; 
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the Devonian of England and Wales; the Carboniferous, and the 
Permian. After the Permian period, no volcanic or igneous 
eruptions occurred again until the Tertiary. 

In the author’s summary of the remarkable facts he has pre- 
sented, the following are some of the conclusions stated. The 
belts of volcanic activity are ranged nearly north and south, 
along the length of the British Isles from the south of Devon- 
shire to the Shetlands; but no trace of them occurs through 
eastern England, from Berwick to Exeter, if we except the dikes 
in the northern counties. Moreover, the Central Highlands of 
Scotland were exempt through all the time. 

In this western tract, volcanic activity was almost continuous 
from the Archean to the close of the Paleozoic; and reappeared 
in the Tertiary. The absence from the Mesozoic accords with 
the general quiet over the European continent. 

The sites of the eruptions were not determined by lines of 
faults; but there is this remarkable fact that they were confined 
to the low grounds and valleys, such as the great depression 
between the Highland Mountains and the Southern Uplands, 
which was the chief center of volcanic activity in Scotland during 
the later half of the Paleozoic. Again in the Tertiary, the great 
outpouring took place in the long depression between the Outer 
Hebrides and the mainland of Scotland. The volcanic action 
occurred on sinking rather than rising areas, that is, on areas 
where a great thickness of sediments were formed. There was a 
gradual diminution in the extent of the eruptions from the Silu- 
rian to the Permian, when there were only small scattered vents. 
In the earlier Paleozoic lava-eruptions were most abundant, while 
in the later in very many cases there were only ejections of ashes, 
making tufa-cones. 

In each eruptive period the Tertiary included, there was a 
change sooner or later from basic to acidic lavas. When a second 
period commenced in the same region there was usually again the 
same succession—a beginning with basic and an ending with 
acidic. The eruptions of the Northwest Highlands were solely 
fissure eruptions; and the same kind prevailed in the Tertiary. 
At other periods the eruptions were connected with true volcanic 
vents. <A great crater-like cavity was sometimes left, that became 
— with the following rock-deposits. 

New Jersey Geological Report for 1891, Joun C. Sock, 
ean Geologist. 270 pp. 8vo. Trenton, N. J., 1892.—This volume 
contains an extended account of the drift formations of New 
Jersey by Prof. R. D. Salisbury, illustrated by several photo- 
types of the region of the terminal moraine and of other bowlder 
scenes, and also. by many wood-cuts, and a map. The paper is an 
important contribution to the general subject of glacial phe- 
nomena. 

Mr. Lewis Woolman reports on the horizons of Artesian wells 
in Souther’ New Jersey and other parts of the Atlantic border. 
He mentions the occurrence of one or two upper horizons de- 
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pendent on clay deposits, occurring in Cape May C peg ; three 
wells at Sea Isle City affording water at depths of 35, 150 and 
160 feet. At a greater depth varying from 382 to peck feet, in 
the region of Atlantic City, water is obtained from fine hard clays 
and sandy clays over 300 feet thick; and this 3C0-foot stratum 
contains, through -nearly every foot, great numbers of diatoms, 
so that it is a Diatomaceous clay-bed. The bed consequently is 
easily identified. Two levels of water-supply occur in it, on 
midway in it, and the other just below. The former at Atlantic 
City has a depth of 550 feet. The depth increases to the south- 
east at a rate of 25 or 26 feet a mile. A water-horizon beneath 
the clay-bed at Atlantic City has a depth of 700 to 720 feet. 
This Diatomaceous clay-bed extends under part of Delaware and 
Maryland. In the New Jersey Geological Report for 1890 Mr. 
Woolworth mentions the large Diatom bed near Richmond, Vir 
ginia, described by Prof. W. B. Rogers, as of the same charac- 
ter and as possibly related in position. He cites from Prof. 
Rogers the fact of diatoms brought up from a depth of 558 feet 
in a well-boring at Fortress Monroe. 

3. Progress of the Kentucky Geological Survey, Joun R. 
Procter, State Geologist.—A Report of progress on the work of 
the Survey for 1890, 1891 (to January, 1892) has been recently 
published. It announces that Prof. Crandall has been continuing 
the investigation of the Coal region of Eastern Kentucky, with 
reference to a general report on the coal-field as a whole, in which 
the extension and the equivalency of the various coal-beds will be 
treated, The study of the Coal-field and of the general geology 
of Western Kentucky has also gone forward under Prof. Lough- 
ridge, J. H. Crump, J. B. Hocing and E. O. Ulrich, and thei 
reports will soon be published on Livingston, Meade, Warren, 
Caldwell and Crittenden Counties. 

4, Kentucky Geological Survey : Report on Petrolewn 
Natural Gas and Asphalt Rock of Western Kentucky; by 
Epwarp Orton. 233 pp. 8vo. Frankfort, Ky.—Prof. Orton, after 
reviewing in an instructive way the history of petroleum dis- 
coveries and the origin of mineral oil and gas, treats of their 
modes of geological occurrence, and the bearing of the facts on 
practical questions connected with exploration for gas and oil. 
Composition, fuel-value and uses are other subjects considered. 
Next the facts connected with the geology of Kentucky, its bor- 
ings, wells, gas and petroleum, are given in detail. There is no 
better authority on the subject than Prof. Orton. A fine colored 
map of the geology of Kentucky accompanies the Report. 

5. Geological Survey of Alabama.—Bulletin No. 2 (1892), 
on the Phosphates and Marls of Alabama, by Prof. E. A. Smith, 
State Geologist (82 pp. 8vo) has been issued. 

6. The Mannington Oil-fi ld and the history of its cde velop- 
ment, by I. C. Write (G. S. Amer., iii, 187.)—In this excellent 
paper Prof. White sustains the view brought out by'him first in 
1885, that success in boring for gas in Pennsylvania depends as a 
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general thing, on the existence of an anticline in the subjacent 
rocks. 

7. New Lower Silurian Lamellibranchiata, chiefly from Min- 
nesota rocks ; E, O. Utxicn. From the Nineteenth Ann. Rept. 
Geol. and Nat. Hist. Surv. of Minnesota, March, 1892.—Thirty 
new species are added to the known fauna of these rocks. They 
are referred mainly to the genera Tellinomya, Modiolopsis, and 
Cypricardites. A new genus, Plethocardia, is proposed for two 
species related to the Uyrtodonta cordiformis of Billings. The 
author recognizes the confusion existing among the genera of 
Silurian lamellibranchs and his references are therefore somewhat 
provisional. Cc. E. B. 

8. Der Peloponnes, Versuch einer Landeskunde auf’ geolo- 
gischer Grundlage, nach Ergebnissen einiger Reisen von Dr. 
ALFRED PHILIPPSON. pp. 273-642, 8vo. Berlin, 1892 (R. Fried- 
lander & Sohn).—This volume is the concluding Part II of the 
valuable work on the Peloponnesus noticed in vol. xlii of this 
Journal (page 173). It continues the topographic description of 
the country, and then treats of the geological structure, climate, 
vegetation, fauna, and other topics of general interest. The 
illustrations include maps and sections and a series, of four large 
colored topographic maps, which are both hypsometric and 
bathymetric. 

9. Chiastolite in fossiliferous metamorphic slates of Portugal. 
—In an Upper Silurian slate of the Province of Minho, near Val- 
longo, Portugal, J. F. N. Deteapo has found along with Grap- 
tolites, multitudes of small crystals of chiastolite. Further, a 
Lower Silurian slate of Serra de Marao, containing a specimen of 
the trilobite Zenus Lusitanicus with portions of its test silici- 
fied, and a cast of a Redonia (probably R. Duvalianu Rou.), 
contains crystals of chiastolite in the rock and also in the casts of 
the fossils. Kjerulf has described a similar case from near Ekern, 
in the inferior part of the Lower Silurian, where the rock, which 
is profoundly altered, contains large numbers of chiastolite crys- 
tals along side of the graptolites. 

10. Striated Garnet from Buckfield, Maine ; by W.S. Baytey 
(communicated).—In glancing over the literature of garnets in 
Hintze’s Handbuch der Mineralogie so few were the notices of 
striated garnets met with, that it is thought worth while to men- 
tion the existence of good examples of them in large numbers at 
Buckfield, Oxford Co., Maine. Unfortunately but one specimen 
from this locality remains in the writer’s possession, but this is so 
similar in appearance to others obtained trom the same place that 
its description will serve as a description of nearly all found 
there. The crystal to which reference is made is an icositetra- 
hedron (211) about two inches in diameter, modified by small 
faces of the dodecahedron (110). All the planes are deeply 
striated parallel to the combination edge, 211: 110, and these 
striations are so deep in the icositetrahedral faces that the reflec- 
tions of the dodecahedron may easily be obtained from them. In 
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consequence of this oscillation between the two planes mentions 
the crystal appears to be made up of alot of lozenge-shape 
plates piled one upon another, with the smallest forming the 
dodecahedral bounding plane of the crystals, and the edges ot 
the pile the deeply striated icositetrahedral faces. In small frac 
ments the mineral is transparent and has the usual deep red color 
of almandine. Its exact method of occurrence is unknown. 

11. Blowpipe Analysis by J. LanpavER. Authorized Englis! 
edition by James Taytor. Second edition, revised and enlarged 
173 pp. 16mo. London and New York, 1892 (Macmillan and 
Co.).—This excellent little book has had a well-deserved recogni- 
tion since the issue of the first edition in 1879, and in the present 
new edition it is still better equipped for usefulness. 


III. MiIsceLLANEOUS SCIENTIFIC INTELLIGENCE. 


1. The Great Earthquake of Japan, 1891; by Prof. Jouy 
Minne, F.R.S., and Prot. W. K. Burton, C.E., with plates by 
K. Ogawa. Yokohama, 1892.—On the morning of October 28, 
1891, there occurred in Japan an earthquake, which, even in that 
much shaken country, is already known as “the Great Earth- 
quake.” Its greatest force was exerted in the neighborhood of 
Gifu and Nagoya, towns some fifteen miles west of Tokyo, but it 
was felt from Sendai on the north to Nagasaki on the south over 
an area of 92,000 square miles, and the area of complete destruc- 
tion of buildings was 4200 square miles. The first and most 
severe shock occurred at Gifu at 6" 38" 115 on the morning of 
October 28, and was followed by numerous minor shocks to the 
number of several thousand in the twelve days next following. 
One authority stated the number of persons killed in the prefec- 
tures of Aichi and Gifu at 7528, the wounded 9458, houses totally 
destroyed 82,000, partially destroyed 23,000, damage to property 
$20,000,000. <A recent letter from Prof. Milne, puts the dead at 
10,000 and the loss at $50,000,000. 

It is this great earthquake which is illustrated in the series of 
plates whose title is given above and which forms an oblong 
quarto volume 29°" X 41° in size. The plates are heliotype 
copies of photographs, all but three of which were made by the 
authors for the Imperial University of Japan, and are copy- 
righted in its name. It is published by Lane Crawford & Co., 
Yokohama. The press work wis done in Tokyo, and the paper 
on which it is printed is a product of the very district shaken 
by the earthquake. Indeed there was some delay in printing 
proofs owing to the difficulty of getting the paper in the dis- 
organized state of all manufactures. It is handsomely bound in 
cloth and in general make up the book will compare favorably 
with the product of any western press. The first edition of 1000 
copies has all been sold anda second edition with a few additional 
plates is in preparation. 
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It opens with ten pages of introduction on the nature of earth- 
quakes in general and their relation to Japan, with brief mention 
of the salient incidents of the recent disaster, from which some of 
the statements above are taken. This is followed by thirty plates, 
varying a little in size, but mostly about 32° X 215°" and each 
plate is accompanied by a brief description. These plates give 
very impressive illustrations of the destruction caused by the 

2. Congress of Mathematicians and Astronomers.—In con- 
nection with the Exposition to be held at Chicago in 1893, a 
“ World’s Congress Auxiliary ” has been forined for the purpose 
of organizing a series of Congresses or Conventions to be held 
during the progress of the Exposition, which will bring together 
the leading scholars of the world for the mutual interchange of 
ideas on topics bearing on human progress. 

As a part of this general plan a preliminary address has been 
recently issued from the division of Mathematics and Astronomy, 
of which Prof. George W. Hough is chairman, inviting the codpera- 
tion of all persons and societies interested in the department of 
physical science. Three chapters are proposed: I in Pure Math- 
ematics, IL in Astronomy, and III in Astro-physics. <A series of 
topies is given in the cireular by the committee, which are sug- 
gested for consideration. Advice’ and suggestions are desired 
as to the general conduct of the convention, and in particular as 
to the scientific questions to be discussed, and persons to present 
them. The suggestions and recommendations invited will be 
used in the formation of the program for the Congress. 

The Chairmen of the Special Committees of the several chapters 
under the charge of the General Committee, are as follows : 

Pure Mathematics, Prof. EK. H. Moore, Chicago University, 
Chicago, Ill. 

Astronomy, Prof. G. W. Hough, Dearborn Observatory, North- 
western University, Evanston, Ill. (who is also general chairman). 

Astro-Physics, Prof. George E. Hale, Kenwood Astro- Physical 
Observatory, Chicago, II. 

3. American Association.—The 41st meeting of the American 
Association for the Advancement of Science will be held in 
August next, commencing with Wednesday, the 17th, at Roch- 
ester, New York. All abstracts of papers should be sent to the 
Permanent Secretary, F. W. Putnam, Salem, Mass., until Aug. 
7th, and after that time, to Powers’ Hotel, Rochester, the hotel 
headquarters of the Association. The President of the meeting 
is Prof. Joseph LeConte, of Berkeley, California. The Local 
Secretary, Prof. H. L. Fairchild of the University of Rochester 
will give information, if desired, with regard to local arrange- 
ments, hotels, railway rates, etc. The Register will be opened in 
the University of Rochester on the 15th of August, and the 
meetings will be held in the buildings of the University. 

The Geological Society of America will hold its August meet- 
ing at the same place on Monday and Tuesday, Aug. 15 and 16, 
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Prof. G. K, Gilbert, President Th American Microscopical 
Society, on Aug. 9, 10, 11, 12, Prof. M. E. Ewell, Prest. ; Th 
Society for the promotion of Agricultural Science, on Aug. 15 
16, Prof. I. P. Roberts, Prest., and the Association of Eeononi: 
Entomologists, on Aug. 15, 16, Dr. J. A. Lintner, President. 


OBITUARY 


Lewis Morris Rutnerrurp died on the 30th of May at his 
home, Tranquillity, New Jersey, in the seventy-sixth year of his 
age. He was born at Morrisania, N. Y., Nov. 25th, 1816, and 
was graduated at Williams College in 1834. He at first devoted 
himself to the practice of the law, but in 1843 he turned into the 


field of physical science in which he was to accomplish such good 
work. His interests lay chiefly in the direction of stellar pho 
tography and spectroscopic work, and in 1862 and 1863 he pub 


lished (in this Journal) several important papers upon these sub 
jects. One of these discussed the spectra of the stars, moon and 
the planets, which was one of the early contributions in this line 
and contained the first attempt to ela sify stars according to 
their spectra. He constructed about the ame time a telescope 
for photographic work with specially corrected objective of 114 
inches aperture, and in 1868 one of inches; with the latter he 
made many admirable negatives of the sun, moon and sta 
groups; his photographs of the lunar surface are remarkable for 
their beauty and perfection. He also constructed a micromete1 
for astronomical measurements, and in connection with photo 
graphs of stellar groups he made a large series of measures which 
in many cases constitute the earliest accurate observations of the 
clusters in question. A paper has recently been published* upon 
the “Rutherfurd Photographic Measures of the Group of the 


Pleiades,” and it is stated that others are to follow giving the 
results of the Rutherfurd measure; Another work of great 
importance was the construction in 1890 of an accurate ruling 
engine with which he ruled diffraction gratings for spectroscopic 
work; these “Rutherfurd gratings” for many years played as 
important a part as do the “ Rowland gratings” to-day 


Mr. Rutherfurd was one of the original members of the National 
Academy of Sciences. He was named by the President of the 
United States as one of the American delegates to the Interna 
tional Meridian Conference that met in W ishington in October, 
1885, and he took a prominent part in the work. In 1887 he was 
invited by the French Academy of Sciences to become a member 
of the International Conference on Astronomical Photography, 
held in Paris in 1887, and was appointed by the President of the 
National Academy of Science , ts representative, but was 
obliged to decline the honor on account of his failing health Ile 
was an Associate of the Royal Astronomical Society and, besides 
being a member of several 
abroad, was the reeipient of many medals, orders and diplomas 


clentifie societies in this country and 


* By Harold Jaeobs in t N | ) 30 
1892 


Proprietor. 


RELIEF MAPS AND MODELS. 

Especial attention given to Relief Maps. All work of this kind executed 
iecurately and artistically. Also copies furnished of models made for the gov- 
ernment; Grand Cafion of the Colorado, Yosemite Valley, Wasatch and Uinta 
Mountains, Mt. Taylor, Mt. Shasta, Leadville, Eureka, Yellowstone National Park, 
ete., ete Also model of the whole United States with adjoining Ocean bot- 
toms, modeled on correct curvature. 

SYSTEMATIC COLLECTIONS. 

With unusual facilities for securing educational materials it is proposed to lead 
all establishments in furnishing systematic collections for teaching Mineralogy, 
Geology, and Zoology in Schools and Colleges. Individual specimens also 


furnished. 
METEORITES. 


Write me if you have meteorites to sell, or wish to buy, or have them cut and 


polished. 


ANATOMICAL MODELS, TAXIDERMY, Ete. 


EDWIN E. HOWELL, 
537, 15th St. and 612, 17th St., N. W., Washington, D. C. 


BECKER BROTHERS, 
No, 6 Murray Street, New York, 


Manufacturers of Balances and Weights of Precision for Chem- 


ists, Assayers, Jewelers, Druggists, and in general for every use 
where accuracy is required. 


AMERICAN JOURNAL OF SCIENCE. 


FOUNDED BY PROFESSOR SILLIMAN IN 1818. 


Devoted to Chemistry, Physics, Geology, Physical Geography, Mineralogy, 
Natural History, Astronomy, and Meteorology. 

Epitors: JAMES D. DANA and Kpwarp S, DANA. 

Associate Editors: J. P. Cookr, Jr., GEORGE L. GOODALE, and JoHN TROow- 
BRIDGE, of Cambridge, H. A. Newton and A. KE. VerRILL, of Yale, and G. F. 
BARKER, of the University of Pennsylvania, Philadelphia. 

Two volumes of 480 pages each, published annually in MONTHLY NUMBERS, 

This Journal ended its first series of 50 volumes as a quarterly in 1845, and its 
second series of 50 volumes as a two-monthly in 1870. The monthly series com- 
menced in 1871. 

Twenty copies of each original communication are, if requested in advance, struck 
off for the author without charge; and more at the author’s expense, provided the 
number of copies desired is stated on the manuscript or communicated to the 
printers of the Journal. 

\ddress the Proprirtors, 


J. D. and E. S. DANA, New Haven, Conn. 
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NEW SHIPMENTS OF MINERALS. 


FROM ENGLAND:—The finest and largest groupof Phantom Twin 
Calcites ever found. Beautiful new Calcites and Barites sifted 
with Pyrite!! Splendid large and small Egremont and Stank 
Mine Calcite groups, &c., &e. 

FROM SWITZERLAND :—Elegant Smoky Quartz in twisted crys- 
tals, large and small crystals, singly and doubly terminated, 
groups and loose crystals. Rose Fluors, 50c. to $10.00; Brook- 
ites, Anatase, Magnetite, Adularia, Yellow Sphenes, &c. 

FROM HUNGARY :—The finest Laumontites ever imported. Some 
crystals 1% inches in length. 

FROM SWEDEN :—A very choice lot of crystals of the new and 
rare mineral, Eudidymite, a very interesting monoclinic hydrous 
silicate of beryllium and sodium, Also many other very rare 
Scandinavian minerals. The best lot we have ever had, includ- 
ing such things as Crystallized Native Lead, Crystals of Euxenite, 

c. 


MAMMOTH VESUVIANITE CRYSTALS! 
A New Lot! 


In announcing two months ago a crystal of Vesuvianite from Arkan- 
sas, weighing 2% lbs., we stated our belief that it was the largest ever 
found. Now we have one weighing 5} lbs. and several others of very 
large size. Two months’ work has been given to the locality by our 
collector, and the result is a marvellous shipment. 


Fine Geniculated Rutiles! 


An elegant lot accompanied the Vesuvianites. The specimens are 
exceptionally brilliant and well developed. 


Brief Mention of a Few Rare Specimens. 


Stibnite, Japan, large group of superb terminated crystals, $50.00. 
Topaz, Siberia, a $25.00 crystal. 
Aguilarite, Mexico, group of fine crystals, $25.00 ; another, $37.50. 
Smithsonite, Greece, group of long brown stalactites, $20.00. 
Proustite, Chili, elegant group of large crystals, $75.00. 

Scores of other equally fine specimens in stock. 


DANA’S NEW “SYSTEM OF MINERALOGY.” 
Sixth Edition, 1197 pp. ; 1425 cuts; price, $12.50. 
This great work is now ready, and we offer it at a discount of 202, 
only $10.00 net. 
It is not a mere revision, but the entire work has. been re-written. It 
contains half more matter than the 5th edition, makes fundamental - 
changes in the classification, etc. Our second full circular giving ex- 


te — extracts from the preface, sent free. We earnestly solicit your 
oraer 


J0 pp. Illustrated Catalogue, 15c. ; cloth bound, 25c.; Supplement, 2c.; 
( free. 


GEO. L. ENGLISH & CO., Mineralogists, 
783 & 735 BROADWAY, NEW YORK CITY. 
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